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NOTICE

Caltrans publishes Standard Specifications, Standard Special
Provisions, Standard Plans, etc., which contain specifications and
requirements for traffic control devices, including their use and
placement, when performing work on State highways. In some cases
those specifications and requirements may vary from, and be more
stringent than those shown inthis Manual. Anexample is the standard
“T” series Traffic Control Plans, contained in the Standard Plans.
Whenever there is a discrepancy between the specifications and
requirements contained in this Manual and those contained in the
documents noted in the beginning of this paragraph for work on State
highways, those documents shall govern.



INTRODUCTION

This Manual of Traffic Controls for Construction and Maintenance Work Zones (Manual) is
published by the State of California, Department of Transportation (Caltrans), and is issued to
provide the basic standards for uniform types of warning signs, lights, and devices to be placed
upon any public highway or street by any person engaged in performing work which interferes with
the movement of traffic upon such highway or street, in accordance with Section 21400 of the
California Vehicle Code.

This Manual is also Chapter 5 of the Caltrans Traffic Manual (CTM), and is published
separately for easy reference.

Per the provisions of Sections 1598 and 1599 of the Construction Safety Orders in Title 8
of the California Code of Regulations, this Manual is incorporated by reference as part of those
regulations.

It is the responsibility of the Contractor or Organization performing work on, or adjacent to,
a highway to install and maintain such devices which are necessary to provide passage for the
traveling public (including pedestrians and bicyclists) through the work, as well as for the safeguard
of workers. Before work begins, traffic control plans, when developed for handling traffic through
a construction or maintenance project, shall be approved by the Engineer of the public agency or
authority having jurisdiction over the highway.

Commonly used traffic control devices, conforming to specifications in the 1996 Manual
may continue in use until June, 1998. Thereatfter, all such devices shall conform to the provisions
of this Manual (1996 Manual, Revisionl).

Nothing contained in this Manual shall prevent Caltrans from modifying, changing, or
adopting new specifications deemed necessary.

The text and figures shown in the Manual are not legal standards except as they describe
adevice. Criteria for position, location, and use of traffic control devices is furnished solely for the
purpose of guidance and information, and is not a legal standard. Engineering judgment must be
used to apply these guidelines and typical applications, or adjust them to fit individual field site
conditions.

Other reference material related to construction and maintenance zones can be foundin the
Caltrans Construction and Maintenance Manuals.

This Manual may be purchased from the California Department of Transportation,
1900 Royal Oaks Drive, Sacramento, California 95815. Phone (916) 445-3520.



MEANINGS
“Shall”, “Should”, and “May”

In this document the words “shall”, “should”, and “may” are used to describe specific
conditions concerning these devices. To clarify the meanings intended by the use of these words,
the following definitions apply:

1. Shall - A mandatory condition. Where certain requirements in the design or application of the
device are described with the “shall” stipulation, it is mandatory when an installation is made
that these requirements be met. Exceptions to these conditions on the State Highway System
can be approved on a case by case basis by the Manager, Traffic Operations Program or his
representative. Documentation shall be provided.

2. Should - An advisory condition. Where the word “should” is used, it is considered to be
advisable usage, recommended but not mandatory.

3. May - A permissive condition. No requirement for design or application is intended.
Road Users

This Manual uses terms such as “traffic”, “motorists”, “vehicles”, “drivers”, and “road users.”
These terms are used interchangeably and all are intended to include operators of motor vehicles,
including bicyclists, as well as pedestrians.

COLOR CODE

The following color code establishes general meanings for eight colors in a total of twelve
colorsthat have beenidentified as being appropriate for use in conveying traffic control information.
Central values and tolerance limits for each color are available.*

YELLOW - General Warning

RED - Stop or prohibition

BLUE - Motorist services guidance

GREEN - Indicated movements permitted, direction, guidance
BROWN - Recreational and cultural interest guidance
ORANGE - Construction and maintenance warning
BLACK - Regulation

WHITE - Regulation

PURPLE - Unassigned

STRONG YELLOW GREEN - Unassigned

LIGHT BLUE - Unassigned

CORAL - Unassigned

The four colors for which no meaning has been assigned are being reserved for future
applications. The meanings described above are of a general nature. More specific assignments
of colors are given in the individual parts of this Manual relating to each class of devices.

(*) Available from the Federal Highway Administration (HTO 20), Washington D.C. 20590
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CHAPTER 5

TRAFFIC CONTROLS
FOR CONSTRUCTION AND MAINTENANCE
WORK ZONES

General Information 5-01

5-01.1 Introduction

During any time the normal function of a
roadway is suspended, temporary traffic control
planning must provide for continuity of function
(movement of traffic, pedestrians, bicyclists, transit
operations, and access to property/utilities). The
locationwherethenormal function of theroadway
is suspended is defined as the work space. The
work spaceisthat portion of theroadway closedto
traffic and set aside for workers, equipment, and
material. Sometimes there may be several work
gpaces within the project limits. This can be
confusing to driversbecause thework spaces may
be separated by several miles. Each work space
should be signed to inform drivers of what to
expect.

Effective temporary traffic control enhances
traffic operations and efficiency, regardiess of
whether street construction, maintenance, utility
work, or roadway incidentsaretaking placeinthe
work space. Effective temporary traffic control
must provide for the workers, road users, and
pedestrians. At thesametime, it must providefor
the efficient completion of whatever activity
suspended normal use of the roadway.

No one set of signs or other traffic control
devices can typicaly satisfy all conditions for a
given project. Atthe sametime, defining detailed
standards that would be adequate to cover all
applicationsissimply not practical. ThisManual
displays several diagrams that depict common
applications of standard temporary traffic control
devices. The traffic control selected for each
situation should be based on type of highway,
traffic conditions, duration of operation, physical

constraints, and the nearness of the work spaceto
traffic.

Traffic control plans may be adopted by the
authority of a public body or official having
jurisdiction for guiding traffic. The plans and
devices should follow the principles set forth in
this Manua but may deviate from the typical
drawingstoallow for conditionsand requirements
of aparticular siteor jurisdiction asdetermined by
the engineer.

The criteria of this Manual are intended to
apply tobothrural andurbanareas. Rura highways
are normally characterized by lower volumes,
higher speeds, fewer turning conflicts, and fewer
conflicts with pedestrians and bicyclists. Urban
streettrafficistypically characterized by relatively
low speeds, widerangesintrafficvolume, narrower
roadway lanes, frequent intersections, significant
pedestrian traffic, bicyclists and more roadside
obstacles.

Itisessential that concernfor traffic accidents,
worker safety and efficiency of traffic movement
formanintegral element of every temporary traffic
control zone, from planning through completion
of work activity. Simultaneoudly, the control
selected must permit efficient maintenance/
construction of roadways and roadway
appurtenances.

5-01.2 Fundamental Principles

All traffic control devices used on street and
highway construction, maintenance, utility, or
incident management (temporary traffic control)
operations shall conform to the applicable
specifications of this Manual.
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Specia plan preparationand coordinationwith
transit and other highway agencies, police and
other emergency units, utilities, schools, railroads,
etc. may beneededtoreceiveinput and support for
advising the motorists of the traffic operation
situations.

During temporary traffic control activities,
commercial vehiclesmay needtofollow adifferent
routefrom automobilesbecauseof bridge, weight,
clearance, or geometricrestrictions. Also, vehicles
carrying hazardous materials may need to follow
adifferent routefromother vehicles. Truck Route
National Network and hazardous cargo signs are
included in Chapter 4 of the Caltrans Traffic
Manual.

Principles and procedures, which experience
has shown to benefit the motorists, bicyclists,
pedestrians, and workers in the vicinity of
temporary traffic control areas, areincludedinthe
followinglisting. Theseprinciplesand procedures
provideaguiding philosophy, for the practitioner,
of good temporary traffic control used in work
zones. They do not establish specific standards
and warrants (individually addressed in the
succeeding sections of this Manual).

A. Traffic operations in temporary traffic
control areas should be an integra and
high-priority element of every projectfrom
planning through design and construction.
Similarly, maintenance and utility work
should be planned and conducted with
motorists, pedestrians, bicyclists, and
workers kept in mind at all times.
Formulating specific plans for incident
management traffic control is difficult
becauseof thevariety of situationsthat can
arise. Nevertheless, plans should be
developed in sufficient detail to provide
for motorists, pedestrians, bicyclists,
workers, and enforcement/emergency
personnel and equipment.

Traffic Manual

1. The basic principles governing the
design of permanent roadways and
roadsidesshouldalsogovernthedesign
of temporary trafficcontrol zones. The
goal should beto route traffic through
such areasusing geometricsandtraffic
control devices comparable to those
for normal highway situations.

2. A traffic control plan, in detail
appropriate to the complexity of the
work project or incident, should be
prepared and understood by all
responsible parties before the site is
occupied. Any changes in the traffic
control plan shall be approved by an
engineer.

B. Traffic movement should be disrupted as

little as practicable.

1. Traffic control in work and incident
sites should be designed on the
assumption that drivers will reduce
their speedsonly if they clearly perceive
aneedto do so. Reduced speed zoning
shouldbeavoidedasmuchaspractical .

2. Frequent and abrupt changes in
geometrics such as lane narrowing,
dropped lanes, or main roadway
transitions requiring rapid maneuvers
should be avoided.

3. Provisions should be made for
operation of work or management
vehicles, particularly on high-speed,
high-volume roadways.

4. Roadway occupancy and work

compl etion time should be minimized
to reduce exposure to potential
conflicts.
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5. Pedestrians and bicyclists should be
provided with access and passage
through, or around, the temporary
traffic control zone at all times.

6 Construction or maintenance work on
the roadway should be scheduled
during off-peak hoursand, if necessary,
night work should be considered.

C. Drivers (including bicyclists) and
pedestriansshould beguidedinaclear and
positive manner while approaching and
space traversing the temporary traffic
control zone.

1. Adequate warning, delineation, and
channelization by means of proper
pavement marking, signs, or use of
other devices that are effective under
varying conditionsof light and weather
should be provided where appropriate
toassurethedriver and pedestrianhave
positive guidance before approaching
and while passing through the traffic
control zone.

2. Signs, pavement markings,
channelizing devices, delineators, and
other traffic control devices that are
inconsistent withintended travel paths
throughlong-termwork spacesshould
becompletely removed (see Section 5-
05.7). In short-duration and mobile
work spaceswhereretai ned permanent
devicesareinconsistent with intended
travel paths, attention should be given
to devicesthat highlight or emphasize
the appropriate path.

3. Hagging procedures, when used, can
provide positive guidance to drivers
traversingthetemporary traffic control

5-3
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zone. Flagging should be employed
whenall other methodsof trafficcontrol
are inadequate to warn and direct
drivers.

D. To ensure acceptable levels of operation,
routine inspection of traffic control
elements should be performed.

1. Only individualswho are trained and/

or experienced in the principles of
traffic control should be assigned that
responsibility at work sites. The most
important duty of these individualsis
to ensure that all traffic control
measures implemented on the project
are necessary, conform to the traffic
control plan, and are effective in
providing for motorists, pedestrians,
and workers.

. Modification of traffic controls or

working conditionsmay berequiredto
expedite traffic movement and to
promote worker safety. It isessential
that the individual responsible for
traffic control have the authority to
control the progress of work on the
project with the authority to modify
conditionsor haltwork until applicable
or remedial measures are taken.

. Temporarytraffic control zonesshould

be carefully monitored under varying
conditionsof traffic volume, light, and
weather to ensure that traffic control
measuresareoperating effectively and
that all devicesusedareclearly visible,
clean, and in good repair.

. When the need arises, an engineering

anaysisshouldbemade(incooperation
with law enforcement officials) of all
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accidentsoccurringintemporary traffic
control zones. Temporary traffic
control zones and collision records
should be monitored to identify and
analyze traffic collisions or conflicts.
For example, skid marks or damaged
traffic control devices may indicate
the need for changes in the traffic
control.

5. All traffic control devices should be
removedwhennolonger needed. When
work is suspended for short periods,
advance warning signs that are no
longer appropriate shall be removed,
covered, or turned, and other
inappropriate devices removed from
thework zonesothey arenot visibleto
drivers.

E. The maintenance of temporary traffic

control zones requires attention during its
life because of the potential increase in
conflicts.

1. To accommodate run-off-the-road
incidents, disabled vehicles, or
emergency situations, itisdesirableto
provide an unencumbered roadside
recovery area.

2. Channelization of traffic should be
accomplished by pavement markings,
signs, and/or lightweight channelizing
devices that will yield when hit by
errant vehicles.
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3. Whenever practical, equipment,
workers' private vehicles, materials,
and debris should be stored in such a
manner astoreduceconflictswithrun-
off-the-road vehicles.

4. Whenpedestrianpathstraversethrough
the temporary traffic control zone,
temporary pedestrian facilities should
be developed to minimize pedestrian
exposure to errant vehicles.

F. Each person whose actions affect

temporary traffic control zonefromupper-
level management personnel throughfield
personnel should receive training and/or
experienceappropriatetothejobdecisions
eachisrequired to make. Only thosewho
are trained and/or experienced in traffic
control practices, and who have a basic
understanding of theprinciplesestablished
by applicable standards and regulations,
should supervisethe selection, placement,
and maintenance of traffic control devices
in work and incident management zones.

. Maintaining good public relations is

necessary. The cooperation of thevarious
newsmediain publicizing the existence of
and reasons for work sites can be of great
assistance in keeping the motoring public
well informed.
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Temporary Traffic Control Elements 5-02

5-02.1 Traffic Control Plans

Traffic Control Plans(TCP' s) play avital role
inproviding continuity for efficient trafficflow, to
the extent interruptions in normal flow are
necessary for temporary traffic control operations
or other eventsthat must temporarily disrupt normal
traffic flow. Important auxiliary provisions that
cannot conveniently be specified on project plans
can easily beincorporated into Special Provisions
withinthe TCP. Alsorefer totheCaltransHighway
Design Manual Section 110.6.

A TCPdescribestraffic controlsto be used for
facilitating all traffic through atemporary traffic
control zone. The plan may range in scope from
being very detailed, to merely referencing typical
drawings contained in this Manual, standard
approved highway agency drawingsand manuals,
or specific drawings contained in contract
documents. The degree of detail in the TCP
dependsentirely onthecomplexity of thesituation,
and TCP's should be prepared by persons
knowledgeabl e about the principles of temporary
traffic control and the work activities to be
performed.

Traffic control planning requiresforethought.
Provisions may be incorporated into the project
bid documents that enable contractors to develop
aternate traffic control plans, which may be used
only if the responsible agency finds they are as
good asthose provided inthe plans/specifications.
For mai ntenance and minor utility projectsthat do
not require bidding, forethought must be given to
sel ecting the best traffic control before occupying
the temporary traffic control zone. Also,
coordination must be made between projects to
ensure that duplicate signing is not used and to
ensure compatibility of traffic control between
adjacent projects.

Modifications of TCP's may be necessary
because of changed conditionsor determination of
even better ways of handling traffic efficiently,

whilepermitting efficient temporary traffic control
activitiesto progress.

5-02.2 Definitions of Temporary Traffic Control
Zone Components

The temporary traffic control zone includes
the entire section of roadway between the first
advance warning sign through the last traffic con-
trol device, wheretraffic returnstoitsnormal path
and conditions. Most temporary traffic control
zones can be divided into four areas: the advance
warning area, thetransition area, the activity area,
and the termination area. Figure 5-1 illustrates
these four areas.

The four components that constitute a
temporary traffic control zonearedescribedinthe
order that drivers encounter them. They include
the following:

A. Advance Warning Area

In the advance warning area, drivers are
informed of what to expect. The advance
warning may vary from a single sign or
flashing lights on a vehicle to a series of
signs in advance of the temporary traffic
control zonetransition area. On freeways
and expressways, where driver speed is
generaly in the higher range (70 km/h or
more), signs may be placed from 150 mto
800 mor morebeforethetemporary traffic
control zone. Thetruetest of adequacy of
sign spacing isto evaluate how muchtime
the driver has to perceive and react to the
condition ahead. Inthisregard, the use of
speed, roadway condition, and related
driver expectancy must be considered in
order to derive a practical sign spacing
distance. Effective placement of warning
signsfor urbanandrural localsisasfollows:



5-6 TRAFFIC CONTROLS

1-1996
(Rev. 1)

Traffic Manual

1. Urban C. Activity Area

Warning sign spacings in advance of
the transition area usually fall within
therangeof 1to2timesthespeed (km/
h) in meters, with the high end of the
range being used when speeds are
relatively high. When two or more
advancesignsareused on higher-speed
streets such as major arterials, the
advance warning area should extend a
greater distance. (See Table 5-3.)

2. Rurd

Rural roadways are characterized by
higher speeds. Spacing for the
placement of warning signsis longer.
Two or more advance warning signs
arenormally used in these conditions;
theadvancewarningareashouldextend
300 m or more in open highway
conditions. (See Table5-3.) Advance
warning is normally not needed when
theactivity areais9m or greater from
the driver’s path.

B. Transition Area

When redirection of the driver’s normal
pathisrequired, trafficmust bechannelized
from the normal path to anew path. This
redirection is intended to occur at the
beginning of thetransitionarea. Inmobile
operations, thistransition areamoveswith
the work space. Transition areas usually
involve strategic use of tapers, which are
discussed inmoredetail in Section 5-02.3.

The activity area is an area of roadway
wherethework takesplace. Itiscomposed
of thework spaceand thetraffic space, and
may contain one or more buffer spaces.

1. Work Space

The work space is that portion of the
roadway closed to traffic and set aside
for workers, equipment, and material.
Work spacemay befixed or may move
aswork progresses. Long-term work
spaces are usually delineated by
channelizing devices or shielded by
barriers to exclude traffic and
pedestrians.

2. Traffic Space

Thetraffic spaceisthe portion of the
roadway in which traffic is routed
through the activity area.

3. Buffer Space

Thebuffer spaceisan optional feature
intheactivity areathat separatestraffic
flow from the work activity and
provides recovery space for an errant
vehicle. Neither work activity nor
storage of equipment, vehicles, or
material should occur in this space.
Buffer spaces may be positioned
longitudinally and laterally, with
respect to the direction of traffic flow.
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4.

a. Longitudinal Buffer Space

Thelongitudinal buffer space may
be placed intheinitial portion of a
closed lanein advance of thework
space, as shown in Figure 5-1.
Whenaprotectionvehicleisplaced
in advance of thework space, only
the space upstream of the vehicle
constitutes the buffer space.

The longitudinal buffer space, as
depicted in Figure 5-2, should be
used where aclosed lane separates
opposing traffic flows. Typically,
itisformed as atraffic island and
defined by channelizing devices.

A qguide for the length of
longitudinal buffer spaceisshown
in Table 5-1. The length may be
adjusted to satisfy individual
agency needs.

b. Lateral Buffer Space

A lateral buffer space may beused
to separate the traffic space from
thework space, asshowninFigure
5-1, such as an excavation or
pavement drop-off. A lateral buffer
space also may be used between
two travel lanes, especidly those
carryingopposingflows. Thewidth
of the lateral buffer space should
be determined by engineering
judgment.

Incident Management V ehicle Storage
Space

When work occurs on a high-volume,
highly congested facility in an urban

TRAFFIC CONTROLS S5-7

1-1996

area, it is optional to allow space to
store emergency vehicles (e.g., tow
trucks) to respond quickly to traffic
incidents. Thestoragespaceistypically
provided at the beginning or end of the
activity area, or both. An emergency
vehicle storage area should not extend
into any portion of the buffer space.

D. Termination Area

Theterminationareaisusedtoreturntraffic
tothenormal traffic path. Thetermination
area extends from the downstream end of
thework zoneto the END ROAD WORK
signs(C14), if posted. Conditionsmay be
such that posting of END ROAD WORK
signs is not helpful. For example, they
should normally not be used if other
temporary traffic control zones begin
within 1500 m of theend of thework space
inrural areas, or about 500 mwithin urban
areas. For normal daytime maintenance
operations, the END ROAD WORK sign
isoptional. See aso Section 5-05.2, C3,
END CONSTRUCTION/ROAD WORK
sign.

5-02.3 Tapers

A common important element of atemporary
traffic control zone is a roadway taper. Tapers
may be usedin both thetransition and termination
areas. Tapers are created using a series of
channelizing devicesor pavement markingsplaced
to move traffic out of or into its normal path.
Whenever tapers are to be used near interchange
ramps, crossroads, curves, or other influencing
factors, it may be desirable to adjust the length of
tapers. Longer tapers are not necessarily better
than shorter tapers (particularly in urban areas
characterized by short block lengths, driveways,
etc.), because extended tapers tend to encourage
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Figure 5-1

Component Parts of a Temporary Traffic Contol Zone
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Figure 5-2
Tapers and Buffer Space
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Table 5-1
Guidelines for Length of Longitudinal Buffer Space’

English Measurements Metric Measurements

Speed in Length of Speed in Length of
Miles Buffer Space Kilometers | Buffer Space

Per Hour* (feet) Per Hour* (meters)
20 35 30 10
25 55 40 17
30 85 50 28
35 120 60 43
40 170 70 62
45 220 80 84
50 280 90 106
55 335 100 136
60 415 110 170
65 485
70 585

*Posted speed, off-peak 85th percentile speed prior to work starting, or the anticipated operating speed.

!Based upon American Association of State Highway and Transportation Officials (AASHTO) braking
distance portion of stopping sight distance for wet and level pavements. This AASHTO document also
recommends adjustments for the effect of grade on stopping and variation for trucks.

Table 5-2
Taper Length Criteria for Temporary Traffic Control Zones

Type of Taper Taper Length
Upstream Tapers

Merging Taper L Minimum

Shifting Taper 1/2 L Minimum

Shoulder Taper 1/3 L Minimum

Two-Way Traffic Taper 30 meters (100 feet) Maximum
Downstream Tapers

(Use is optional) 30 meters (100 feet) Minimum

Formula for Taper Length 'L
(For State Highways, see Traffic Control Systems in the Caltrans Standard Plans.)

English Metric*
L = WS? (40 mph or less) L = WS? (65km/h or less)
60 150
L = WS (45 mph or greater) L = 2WS (70 km/h or greater)
3
L = Taper Length in feet L = Taper Length in meters
W = Width of Offset in feet W = Width of Offset in meters
S = Speed in mph S = Speedin km/h

S = Posted speed, off-peak 85th percentile speed prior to work starting, or the anticipated operating speed.

* The metric formulas result in larger values due to a rounding off of the constant in coverting the English
formula to a Metric formula.
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sluggish operation and to encourage drivers to
delay lane changes unnecessarily. Thereal test of
taper length involves observation of driver
performanceafter traffic control plansareputinto
effect. Types of taper lengths are presented in
Table5-2. Themaximum spacein metersbetween
devicesin ataper numerically approximates one-
fifth the speed in kilometers per hour. Types of
tapers are shown in Figure 5-2 and the two-way
traffic taper is shown in Figure 5-3:

A. Merging Taper

A merging taper requires the longest
distances because drivers are required to
mergewithan adjacent|laneof trafficat the
prevailing speed. Thetaper shouldbelong
enoughto enablemerging driversto adjust
their speeds and merge into a single lane
before the end of the transition. For
freeways, expressways, and other roadways
having aspeed of greater than 65 km/h, the
minimumlengthfor mergingtapersshould
becomputed by aformulal =2/3WS. For
residential, urban, and other streets with
speeds of 65 km/h or less, theformulal =
(WS?)/150 should be used. Under either
formula, L isthetaper lengthin meters, W
is the lateral shift of traffic due to the
partially or fully closed lane (in meters),
and Sistheposted speed (inkm/h), the of f-
peak 85th percentile speed prior to work
starting or the anticipated operating speed.
The formula L = (WS?)/150 is used for
speeds of 65 km/h or less because slower
traffic can merge safely in a shorter
distance.

B. Shifting Taper
A shifting taper is used when merging is

not required, but a lateral shift is needed.
Approximately one-half L hasbeen found

1-1996
(Rev. 1)

to be adequate. Where more space is
available, it may bebeneficial touselonger
distances. Guidance for changes in
alignment may also be accomplished by
using horizontal curvesdesignedfor normal
highway speeds.

. Shoulder Taper

A shoulder taper may be beneficia on
high-speed roadways with improved
shouldersthat may bemistakenfor driving
lanes (when work isoccurring in, or near,
theshoulder area). If used, shoulder tapers
approaching the activity area should have
alength of about one-third L. If ashoulder
is used as a travel lane either through
practice or during a temporary traffic
activity, anormal mergingor shiftingtaper
should beused. Anexample of ashoulder
taper is presented in Figure 5-2.

. Downstream Taper

The downstream taper may be useful in
termination areasto provideavisual cueto
the driver that access is available to the
original lane/path that was closed. When
adownstream taper isused, it should have
a maximum length of about (Rev. 1)30
metersper lane, with devices spaced about
6 meters apart. An example of a
downstream taper is shown in Figure 5-2.

. One-Lane, Two-Way Taper

Theone-lane, two-way traffictaperisused
inadvanceof an activity areathat occupies
part of atwo-way roadway in such away
that aportion of theroadisused alternately
by traffic in each direction. Typicaly,
traffic iscontrolled by atemporary traffic
signal or aflagger. A short taper having a
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Figure 5-3
Example of a Two-Way Traffic Taper

Flagger

Work Space

Buffer Space (longitudinal) is used
to position the taper in advance of
+ the curve. See Table 5-1.

Two-Way Traffic Taper
15-30m

Flagger +
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maximum length of 30mwithchannelizing
devices, or devicesnormal to centerline at
approximately 5 m spacings should be
used to guide traffic into the one-way sec-
tion. Anexample of aone-lane, two-way
traffic taper is presented in Figure 5-3.

5-02.4 Detours and Diversions

At detours, traffic is directed onto another
roadway to bypass the temporary traffic control
zone. Detours should be signed clearly over their
entirelength sothat motoristscaneasily determine
how to return to the original roadway.

At diversions, traffic is directed onto a
temporary roadway or alignment placed in or next
to the right-of-way, e.g., median crossovers or
lane shifts.

5-02.5 One-Lane, Two-Way Traffic Control

Where traffic in both directions must, for a
limiteddistance, useasinglelane, provisionshould
bemadefor alternate one-way movement through
the constricted section. Some means of
coordinating movementsat each end shall be used
toavoid head-on conflictsand to minimizedelays.
Control points at each end should be chosen to
permit easy passing of opposing lines of vehicles.
Ata"spot" obstruction, however, suchasanisolated
pavement patch on roadways with lower speeds
and adequatesight distance, themovement may be
self-regulating.

Alternate one-way traffic control may be
accomplished as appropriate by flagger control, a
flag-carrying or official car, a pilot car, traffic
signals, or by using stop or yield control. This
section discusses each of these traffic control
techniques. (See Section 5-04.2 for flagger
qualifications.)
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A. Fagger Method

Where a one-lane two-way temporary
traffic control zone is short enough to
allow visibility from one end to the other,
traffic may becontrolled by either asingle
flagger or by aflagger at each end of the
section. When asingleflagger isused, the
flagger should bestationed ontheshoul der
opposite the obstruction or work space, or
in a position where good visibility and
traffic control can be maintained at all
times. When good visibility and traffic
control cannot bemaintained by oneflagger
station, traffic may be controlled by a
flagger at each end of the section. One of
the flaggers should be designated as the
coordinator. Flaggers should be able to
communicateorally orwithsignals. These
signal sshould not bemistakenfor flagging
signals. The use of radios may also be
desirable even though visual contact is
possible.

. Flag Transfer Method

Flag carrying is effective when theroute
is well defined. It should be employed
only when the one-way traffic is confined
toarelatively short length of road, usually
not morethan 1500 minlength. Thedriver
of thelast vehicleproceedingintothe one-
lane section is given ared flag (or other
token) and instructed to deliver it to the
flagger at the other end. The opposite
flagger, uponreceipt of theflag, thenknows
that itisclear of vehiclescoming fromthat
directionandtoallow traffictomoveinthe
other direction. The flag being carried
shouldalwaysbecleananddry. A variation
of thismethodistheuseof an"official" car
that always follows the last vehicle
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proceeding throughthesection. Theuseof
anofficial car eliminatesthepossibility of
loss of the flag.

. Pilot Car Method

A pilot car is normally used to guide a
gueue of vehicles through the more
complex temporary traffic control zone or
detour. Itsoperation must be coordinated
with flagging operations or other controls
at each end of the one-lane section.

The pilot car should have the name of the
contractor or contracting authority
prominently displayed. The PILOT CAR
FOLLOW MEsign(C26) shall bemounted
at aconspicuouslocation ontherear of the
vehicle.

Two or more pilot cars may be used to
guidetwo-way trafficthroughaparticularly
complex detour.

. Temporary Traffic Signal Method

Traffic signals may be used to control
vehicular traffic movementsin temporary
trafficcontrol zones. Trafficsignalsshould
also be considered for half-width bridge
reconstructiononlow-tomoderate-volume
highways. Typical applications include

highway or street intersections with a
temporary haul road or equipment crossing
and through areas requiring alternating
one-way traffic operations.

E. Stop or Yield Control Method

A yield or stop sign may be installed on
low volume, two-lane roads where one
sideof theroadway isclosed and the other
side must serve both directions. The side
that is closed should yield to or stop for
oncoming traffic on the side that is open.
The approach to the side that is not closed
must bevisible (for adistance equal tothe
safe passing sight distance for that
approach) to the driver who must yield or
stop. See"No Passing ZonesMarkings' in
Chapter 6 of the Caltrans Traffic Manual.

5-02.6 Transit Considerations

Provision for effective continuity of transit
serviceneedstobeincorporatedintothetemporary
traffic control planning process. Often times,
publictransit buses cannot efficiently be detoured
in the same manner as other vehicles (particularly
for short-term maintenance projects). On transit
routes, the TCP shall provide for features such as
temporary bus stops, pull-outs, and waiting areas
for transit patrons.
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Pedestrian, Bicycle, and Worker Considerations 5-03

5-03.1 Pedestrian Considerations

There are three threshold considerations in
planning for pedestrianintemporary traffic control
zones on highways and streets:

e Pedestrians should not be led into direct
conflicts with work site vehicles,
eguipment, or operations.

» Pedestrians should not be led into direct
conflicts with mainline traffic moving
through or around the work site.

* Pedestrians should be provided with a
convenient travel path that replicates as
nearly as possible the most desirable
characteristics of sidewalks or footpaths.

In accommodeating the needs of pedestrians at
work sites, it should always be remembered that
the range of pedestrians that can be expected is
very wide, including the visually impaired, the
hearing impaired, and those with walking
disabilities. All pedestrians need protection from
potential injury and a smooth, clearly delineated
travel path.

Therefore, every effort should be made to
separate pedestrian movement from both work
site activity and adjacent traffic. Whenever
possible, signing should be used to direct
pedestrians to street crossings in advance of an
encounter with a temporary traffic control zone.
Signs should be placed at intersections so that
pedestrians, particularly in high-traffic-volume
urban and suburban areas, are not confronted with
mid-block work sitesthat will inducethemto skirt
the temporary traffic control zone or make amid-
block crossing. It must be recognized that
pedestrians will only infrequently retrace their
steps to make a crossing. Consequently, ample

advance notification of sidewalk closures is
critically important. Refer to Figures TA-28 and
TA-29, Section 5-07.3 for typical traffic control
device usage and techniques for pedestrian
movement through work zones.

When pedestrian movement through or around
awork site is necessary, the aim of the engineer
should be to provide a separate, footpath without
abrupt changesin grade or terrain. Judicious use
of special warning and control devices to warn
motoristsmay behelpful for certain difficult work
zone dSituations.  These include rumble strips,
changeable message signs, hazard identification
beacons, flags, and warning lights. Flagger
activated audible warning devices may be used to
alert pedestriansof theapproach of erraticvehicles.
Also, whenever it isfeasible, closing off thework
site from pedestrian intrusions is preferable to
channelizing pedestriantrafficalongthesitesolely
with temporary traffic control devices such as
cones, portable delineators, barricades, or drums.
If the possibility of vehicle impact is very low,
chain link or other suitable fencing, placed well
away from traffic, is acceptable. Solid fencing
with plywood, however, can create sight distance
restrictionsat intersectionsand at work siteaccess
cuts. Caremust betaken not to createfenced areas
that are vulnerableto splintering or fragmentation
by vehicle impacts. Similarly, temporary traffic
control devices used to delineate a temporary
traffic control zone pedestrian walkway must be
lightweight and, when struck, present aminimum
threat to pedestrians, workers, and impacting
vehicles. Only minimally necessary ballasting
with lightweight materials should be used with
these devices.

Movement by work vehicles and equipment
across designated pedestrian paths should be
minimized and, when necessary, should be
controlled by flaggersor temporary traffic control.
Cutsinto work zones across pedestrian walkways
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should be kept to a minimum, because they often
create unacceptabl e changesingradeand rough or
muddy terrain. Pedestrians cannot be expected to
traverse these areas willingly. They will tend to
avoid the cuts by attempting non-intersection
Crossings.

Atwork sitesof significant duration, especially
in urban areas with high pedestrian volumes, and
wherefalling debrisisaconcern (such aswork on
overhead structures), a canopied walkway is
frequently needed to protect pedestrians from
falling debris. Thesecovered walkwaysshould be
sturdily constructed and adequately litfor nighttime
use.

In places where pedestrians are judged
especially vulnerableto impact by errant vehicles,
al foot traffic should be separated and protected
by longitudinal barrier systems. Whereabarrieris
clearly needed, it should have sufficient strength
andlow deflection characteristics, tokeepvehicles
fromintruding into the pedestrian space. Further,
short, non-continuous segments of longitudinal
systems, suchasconcretebarriers, must beavoided
because they nullify the containment and
redirective capabilities of the design, increasethe
potential for serious injury to both vehicle
occupants and pedestrians, and encourage the
presence of blunt, leading ends. All upstream
leading endsthat are present shall beappropriately
flared or protected with properly installed and
maintained impact attenuators. With regard to
concretebarriersin particular, itisvery important
to ensure that adjacent segments are properly
joinedtoeffecttheoverall strengthrequiredfor the
system to perform properly.

It has been determined through study and
experience that vertical curbs cannot prevent
vehicle intrusions into work zones. As a
consequence, normal vertical curbing is not a
satisfactory substitute for positive barriers when
these are clearly needed. Similarly, contractor-
constructed wooden railings, chain-link fencing
with horizontal pipe runs, and similar systems
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placed directly adjacent to vehicle traffic are not
acceptable substitutes for crashworthy positive
barriers. In many instances, temporary positive
barriers may be necessary to prevent pedestrians
fromunauthorized movementsintotheactivework
zone and to prevent conflicts with traffic by
eliminatingthepossibility of mid-block crossings.

If ahigh potential existsfor vehicleincursions
into the pedestrian space, judgment must be
exercised as to whether to reroute pedestrians or
use barriers. Normally, standard traffic control
devices can satisfactorily delineate a temporary
traffic control zone pedestrian path, but fail-safe
channelization can never beguaranteed withthese
devices because of the gaps between them. Tape,
rope, or plastic chain strung between devices can
help discourage pedestrian movements off the
designated pathway.

Engineeringjudgmentineachtemporary traffic
control zone situation should readily determine
the extent of pedestrian needs. The engineer in
charge of traffic control for temporary traffic
control zones should provide both a sense of
security and safety for pedestrians walking past
work sites and consistent, unambiguous
channelization to maintain foot traffic along the
desired travel paths.

5-03.2 Bicycle Considerations

There are several considerations in planning
for bicyclistsintemporary traffic control zoneson
highways and streets:

» A travel route that replicates the most
desirable characteristics of a wide paved
shoulder or bikeway through or around the
traffic control zone is desirable for
bicyclists.

» If the traffic control zone interrupts the
continuity of an existing bikeway system,
signsdirectingbicycliststhroughor around
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the zone and back to the bikeway is
desirable.

* Unless a separate bike path through or
aroundthetraffic control zoneisprovided,
adequate roadway lane width to alow
bicyclistsand motor vehiclestotravel side
by side through or around the zone is
desirable.

» Bicyclists should not be led into direct
conflicts with mainline traffic, work site
vehicles, or equipment moving through or
around the traffic control zone.

5-03.3 Worker Considerations

Of equal importanceto the safety of the public
traveling through the temporary traffic control
zone is the safety of the worker performing the
many varied tasks within the work site. Work
zones present temporary and constantly changing
conditionsthat may beunexpected by thetraveler.
Further, thesework zoneconditionsalmost always
present situationsthat are different for the driver.
Thiscreatesan even higher degreeof vulnerability
for the personnel on or near the roadway.

Following the Fundamental Principles noted
above in Section 5-01.2 will usually provide the
degree of control and traffic operation that will
bring about the best conditionsfor theworker. Of
particular importance is maintaining work zones
with traffic flow inhibited as little as possible,
providing standard and clear traffic control devices
that get thedriver’ sattention and provide positive
direction.

Below are key elements of traffic control
management that should be considered in any
procedure for assuring worker safety:

e Training. All workers should be trained
and/or experienced in how to work next to
traffic in a way that minimizes their
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vulnerability. In addition, workers with
specific traffic control responsibilities
should be trained and/or experienced in
traffic control techniques, device usage,
and placement.

Worker Clothing. Workers exposed to
traffic should be attired in bright, highly
visible clothing similar to that of flaggers.
See Section 5-04.3.

Barriers. Barriersshould be placed along
the work space depending on such factors
as lateral clearance of workers from
adjacent traffic, speed of traffic, duration
of operations, time of day, and volume of
traffic.

Speed Reduction. In highly vulnerable
situations, consideration should be given
to reducing the speed of traffic through
regulatory speed zoning, funneling, use of
police, lane reduction, or flaggers.

Use of Palice. In highly vulnerable work
situations, particularly those of relatively
short duration, stationing police units
heightens the awareness of passing traffic
and will likely cause areduction in travel
Speed.

Lighting. For nighttimework, lighting the
work zone and approaches will allow the
driver better comprehension of the
requirements beingimposed. Careshould
betakento ensurethat thelighting doesnot
cause blinding.

Soecial Devices. Judicious use of special
warningand control devicesmay behel pful
for certain difficult work zone situations.
These include rumble strips, changeable
message signs, flashing yellow beacons,
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flags, and warning lights. Flagger activated
audible warning devices may be used to
alert workers to the approach of erratic
vehicles. Misuse and overuse of specid
devices/techniquescangreatly lessentheir
effectiveness.

* Regulatory Sgning. Usually, the use of
regul atory speed zone signing without law
enforcement has not shown affective.

* Public Information. Improved driver
performance may be realized through a
well-prepared and complete public
relationseffort that coversthenatureof the
work, thetimeandduration of itsexecution,
its anticipated effects on traffic, and
possible alternate routes and modes of
travel. Such programshave beenfoundto
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result in asignificant drop in traffic; that
reduces the possible number of conflicts
and may alow a temporary lane closing
for additional buffer space.

* Road Closure. If aternate routes are
available to handle detoured traffic, the
road may be closed temporarily-which, in
addition to offering minimum worker/
vehicle conflicts, may facilitate quicker
project completion and thusfurther reduce
worker exposure.

Like other provisions of traffic control zone
set forthinthisManual, the varioustraffic control
techniques must be applied by qualified persons
after appropriate engineering studies and with
sound engineering judgment and common sense.

Hand-Signaling Control 5-04

5-04.1 Function

The primary function of traffic control
procedures is to move vehicles and pedestrians
through or around temporary traffic control zones
while protecting on-site workers and equipment.

5-04.2 Qualifications for Flaggers

Because flaggers are responsible for public
safety and make the greatest number of public
contactsof al highway workers, they should have
the following minimum qualifications:

» Sense of responsibility for the public and
workers.

» Trainingand/or experienceintrafficcontrol
practices.

* Averageintelligence.

» Good physical condition, including sight
and hearing.

* Mental dertnessand the ability toreact in
an emergency.

e Courteous but firm manner.

» Neat appearance.



Traffic Manual

5-04.3 High-Visibility Clothing

Flaggers shall wear orange, strong yellow-
green, or fluorescent versions of these colored
warning garments such asvests, jackets, or shirts.
Rainwear, when worn, shall be orange, strong
yellow-green, or yellow. During the hours of
darkness, flaggers stations shall be illuminated
such that the flagger will be clearly visible to
approaching traffic and flaggers shall be outfitted
with reflectorized garments. The retroreflective
material shall be visible at aminimum distance of
1,000 ft. (304.8) m. The retroreflective clothing,
or theretrorefl ectivematerial addedtotheclothing,
shall have a minimum of one horizontal stripe
around the torso. White outer garments with
retroreflective material may beworn during hours
of darknessinlieu of colored vests, jacketsand/or
shirts.

Uniformed law enforcement officers may be
used as flaggers in some locations, such as an
urban intersection, where enforcement of traffic
movements is important. Uniformed law
enforcement officersmay al sobeused onfreeways
wheretraffic is channelled around work sites and
itisnecessary toassurethat advisory andregul atory
speeds are being enforced. For nighttime work
and in low-visibility situations, a retroreflective
garment as described above should be worn.

5-04.4 Hand-Signaling Devices

Hand-signaling devices, suchasSTOP/SLOW
paddies, lights, and red flags are used to control
traffic through temporary traffic control zones.
The STOP/SLOW paddle, which gives drivers
more positive guidancethan red flags, shall bethe
primary hand-signaling device. The standard
STOP/SLOW sign paddle shall be 450 mm wide
and octagonal inshapewithlettersat least 150 mm
high. A rigid handle should be provided. This
combination sign should be fabricated from light
semirigid material, and shall have an octagonal
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shape. The background of the STOP face shall be
red with white letters and border. To improve
conspicuity, the STOP/SLOW paddlies may be
modified to incorporate on the STOP face, one or
two symmetrically positioned flashing white
light(s) on either the side of, or above and below
the STOPlegend. Thelight(s) may beactivated by
ademand switchor on/off switch. Thebackground
of the SLOW face shall be orange with black
lettersand border. When used at night, the STOP/
SLOW paddle shall be retroreflectorized in the
same manner as signs.

Flags use shall be limited to emergency
situations. Flags used for signaling shall be a
minimum of 600 mm square, madeof agood grade
of red material, and securely fastened to a staff
about 900 mm long. The free edge should be
weighted so the flag will hang vertically, evenin
heavy winds. When used at night, flags shall be
retroreflective red.

5-04.5 Hand-Signaling Procedures

STOP/SLOW paddieandflaguseareillustrated
inFigure5-4. Thefollowing methodsof signaling
with STOP/SLOW paddles should be used:

 To Sop Traffic. The flagger shall face
traffic and extend the STOPsignpaddiein
astationary positionwiththearmextended
horizontally away fromthebody. Thefree
arm should beraised with the palm toward
approaching traffic.

* ToDirect Sopped Trafficto Proceed The
flagger shall face traffic with the SLOW
paddie held in a stationary position with
the arm extended horizontally away from
thebody. Theflagger should motion with
the free hand for traffic to proceed.

* ToAlertor SowTraffic. Theflagger shall
face traffic with the SLOW sign paddle
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held in a stationary position with the arm
extended horizontally away fromthebody.
Theflagger may motion up and downwith
the free hand, palm down, indicating that
the vehicle should slow down.

Thefollowingmethodsof signalingwithaflag
should be used:

 To Sop Traffic. The flagger shall face
trafficand extendtheflag staff horizontally
across the traffic lane in a stationary
position, so that the full area of theflagis
visible hanging below the staff. The free
arm should beraised with the palm toward
approaching traffic.

* ToDirect Sopped TraffictoProceed. The
flagger shall face traffic with the flag and
armloweredfromview of thedriver. With
the free hand, the flagger should motion
traffic to proceed. Flags shall not be used
to signal traffic to proceed.

* ToAlertor SowTraffic. Theflagger shall
face traffic and lowly wave theflagin a
sweeping motion of theextendedarmfrom
shoulder level to straight down, without
raisingthearmaboveahorizontal position.

5-04.6 Flagger Stations

Flagger stations shall be located far enough
ahead of thework spacesothat approachingtraffic
has sufficient distance to stop before entering the
work space. Table 5-1, Guidelinesfor Length of
Longitudinal Buffer Space, may be used for
locating flagger stations in advance of the work
Space.

This distance is related to approach speeds,
friction factors, and pavement and tire conditions.
Thesedistancesmay beincreasedfor downgrades.*

1Tablelll-2. APolicy on Geometric Design of Highways
and Streets, AASHTO, 1990, p.125.
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Theflagger should stand either ontheshoul der
adjacent to the traffic being controlled or in the
barricadedlane. Ata“spot” obstruction, aposition
may haveto be taken on the shoulder oppositethe
barricaded sectiontooperateeffectively. A flagger
shouldstand only inthelanebeing used by moving
traffic after traffic has stopped, and the flagger
needstobevisibletoother trafficor tocommunicate
with drivers. Because of the various roadway
geometrics, flaggers should be clearly visible to
approachingtrafficat all times. For thisreasonthe
flagger should stand alone.

Other workers should not be permitted to
congregatearoundtheflagger station. Theflagger
should be stationed far enough ahead of the work
force to warn them (for example with horns,
whistles etc.) of approaching danger, such as
vehicles out of control.

Flagger stations should be visible far enough
ahead to permit all vehicles to stop. Table 5-1,
Guidelines for Length of Longitudinal Buffer
Space, may be used in selecting the location of
flaggers. This distance is related to approach
speeds, friction factors, and pavement and tire
conditions. These distances may beincreased for
downgrades.! Thesedistancesare calculatedina
manner similar to those calculated in the first
paragraph of 5-04.6. Flagger stations should be
preceded by proper advancewarning signs. Under
certain geometric and traffic situations, morethan
one flagger station may be required for each
direction of traffic.

During hours of darkness, flagger stations
shall be illuminated such that the flagger will be
clearly visible to approaching traffic. Lights for
illuminating the station shall be approved by the
Engineer of the public agency or authority having
jurisdiction over the highway. At two-way,
unusually low-volumeand/or unusually low-speed
short lane closings where adequate sight distance
isavailablefor the safe handling of traffic, the use
of one flagger may be sufficient.
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Figure 5-4
Use of Hand-Signaling Devices by Flaggers
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Types of Traffic Control Devices 5-05

5-05.1 Design and Applications

The design and applications of traffic control
devicesusedintemporary traffic control zonesare
described inthisManual. A traffic control device
isasign, signal, marking or other device placed on
or adjacent to astreet or highway (by authority of
a public body or official having jurisdiction) to
regulate, warn, or guide traffic. Specific
crashworthy information on devices described in
thischapter canbefoundintheAASHTO Roadside
Design Guide.

Wherethecolor orangeisspecified, fluorescent
red-orange or fluorescent yellow-orange colors
may be used. The fluorescent versions of orange
provide higher conspicuity than standard orange,
especialy during twilight.

5-05.2 Signs

Temporary traffic control zone signs convey
both general and specific messages by means of
words or symbols and have the same three
categoriesasall traffic signs. namely, regulatory
signs, warning signs, and guide signs. Regulatory
signs shall have a black legend on a white
background. Warning signs in temporary traffic
control zones shall have a black legend on an
orange background. Existing yellow warning
signswithinthetraffic control zonewhich are till
applicablemay remaininplace. Guidesignsshall
haveawhitelegend onagreen background, except
for special information signs as noted below in
Section 5-05.2C.

All signs used at night shall be either
retroreflective, with amaterial that has a smooth,
seal ed outer surface, or illuminatedto show similar

1 AASHTO, 44 North Capitol Street, N.W., Suite 225,
Washington, D.C. 20001.

shape and color both day and night. Sign
illumination may be either internal or external.
Roadway lighting does not meet the requirements
for sign illumination.

Standard orangeflags, flashingyellow beacons,
or Type B high-intensity flashing warning lights
may be used in conjunction with signs. However,
they must not block the sign legend.

The dimensions of signs shown herein are for
standard sizes, which may beincreased wherever
necessary for greater legibility or emphasis. On
secondary highwaysand city streets, smaller signs
may be used if authorized by lawful authority.
Deviationsfromstandard sizesasprescribedherein
shall bein 150 mmincrements. Signdesigndetails
are contained in the Caltrans Traffic Sign
Specifications.?

Specia signs may be needed based on an
engineering analysis. They should conformtothe
standards for color, shape, and alphabet size and
series. The sign message should be brief, legible,
and clear.

Asageneral rule, signs should be located on
theright-hand side of the roadway. When special
emphasis is needed, signs may be placed on both
theleft and right sides of theroadway. Signsmay
bemounted on portable supportsplaced withinthe
roadway itself. Signs, althoughordinarily mounted
on posts, may also be mounted on or above
barricades.

Guidelinesfor height and lateral clearance of
temporary post-mounted roadsidesignsareshown
inFigure5-5. Signserected at the side of theroad
should be mounted at a height of at least 2.1 m,
measured from the bottom of the sign to the near
edge of the pavement. Theheight to the bottom of

2 Traffic Sign Specifications are available from the
California Department of Transportation Publications
Distribution Unit, 1900 Royal Oaks Drive, Sacramento,
CA 95815. Telephone (916) 445-3520.
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Figure 5-5
Height and Lateral Location of Signs
(Typical Installation)
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Figure 5-6
Methods of Mounting Signs Other Than on Posts
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asecondary sign mounted bel ow another sign may
be300 mmlessthantheappropriatehei ght specified
above.

M ethodsof mounting signsother than on posts
areillustratedin Figure5-6. Signsmay bemounted
onportablesupportsfor short-term, short-duration,
and mobile conditions(see Section 5-06.2). Signs
mounted on Type I11 barricades should not cover
more than 50 percent of the top two rails or 33
percent of the total area of the three rails.
Unprotected sign systemsshould becrashworthy.
The bottom of signs mounted on barricades or
temporary supports shall be no less than 300 mm
abovethe traveled way.

For the best mobility of maintenance
operations, a large sign may be mounted on a
maintenance vehicle stationed in advance of the
work or moving along withit. Thismay be either
the work vehicle or the protection vehicle. A
mobile sign display may be mounted on atrailer.

Signs used in temporary traffic control zones
are moved frequently, loaded and unloaded from
trucks, and in general receive much harsher
treatment than permanent signs. For this reason,
particular attention must be given to maintaining
signsproperly for cleanliness, visibility, and correct
positioning. Signs that are excessively worn,
scratched, bent, or have lost a significant amount
of retroreflectivity should be promptly replaced.

A. Regulatory Signs
1. Authority

Regulatory signsinform highway users
of traffic laws or regulations and
indicate the applicability of legal
requirementsthat would not otherwise
be apparent. Becauseregulatory signs
imposelegal obligationsonall drivers,
they shall be authorized by the public
body or official having jurisdiction.
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2. Design

Regulatory signsare generally rectan-
gular, with a black legend and border
on a white background. Exceptions
include the STOP sign, the YIELD
sign, the DO NOT ENTER sign, the
WRONG WAY sign, and the one-way
arrow sign. The one-way arrow sign
may be either a horizontal or vertical
rectangular plate. Regulatory signs
are illustrated in Figures 5-7a and 5-
7b. Design details for all regulatory
signs are given in the Caltrans Sign
Specifications. (Seefootnote2, pg. 22)

. Application

If temporary traffic control zones
require regulatory measures different
from those normally in effect, the
existing permanent regulatory devices
shall be temporarily removed or
covered and superseded by the
appropriatetemporary regulatory signs
and shall follow applicable ordinances
or statutesof thejurisdiction, aswell as
comply with the sign design standards
of the Caltrans Traffic Manual.

. ROAD CLOSED Sign (C2)

The ROAD CLOSED sign shal be
used wheretheroadway isclosedtoall
traffic except contractors’ equipment
or officially authorized vehicles and
may be accompanied by appropriate
detour signing. The sign should be
erected at or near the center of the
roadway on or above a Type Il
barricade that closes the roadway
(Section 5-05). The sign should have
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a minimum size of 1200 mm by 750
mm. The words RAMP CLOSED or
BRIDGE CLOSED may besubstituted
for ROAD CLOSED, where
applicable. TheROAD CLOSED sign
shall not be used where traffic is
maintained or wheretheactual closing
is some distance beyond this sign.

ROAD
CLOSED

C2

5. LOCAL TRAFFIC ONLY Signs(C3,

C3A)

The LOCAL TRAFFIC ONLY signs
should be used where through traffic
must detour to avoid a closing some
distance beyond the sign, but where
local traffic can move up to point of
closure. Thesignshall carry thelegend
ROAD CLOSED [XX] MILES
AHEAD-LOCAL TRAFFIC ONLY
or, optionally for urban use, ROAD
CLOSED TO THRU TRAFFIC, and
should beaccompanied by appropriate
warninganddetour signing. Thewords
RAMP CLOSED or BRIDGE
CLOSED may be substituted for
ROAD CLOSED where applicable.

ROAD CLOSED

10 MILES AHEAD
LOCAL TRAFFIC ONLY

C3

Traffic Manual

ROAD CLOSED
TO
THRU TRAFFIC

C3A

6. WEIGHT LIMIT Signs (R20, R20B

R20D)

A WEIGHT LIMIT sign shows the
gross weight or weight per axle that
can be permitted on the roadway or
bridge. Weight restrictions should be
consistentwithstateor local regulations
and shall not be imposed without the
approval of the authority having
jurisdiction over the highway. When
weight restrictions are imposed, a
marked detour should be provided for
vehiclesweighing more than the limit
posted.

(f—\
WEIGHT
LIMIT
< 8T
e VA
aaadCH
A\

R20 R20B

(——\

OVER

OVER__AXLES 96" WIDE
N

(——\
OVER
OVER__TONS 60 FT LONG
N—)

R20D
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SPEED
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R17

R60A
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Figure 5-7a
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ZONE
AHEAD
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DO
NOT
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Figure 5-7b
Commonly Used Regulatory Signs
R7 R10 R10A
STOP
HERE ON
RED
R11 R11A R26D R90
TO SIDEWALK CLOSED SIDEWALK CLOSED
ONCOMING ) )
TRAFFIC CROSS HERE USE OTHER SIDE
SR51 C42 C42

(Alternate Message)
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7. Specia Regulatory Signs

Special word messageregulatory signs
may beneeded based onanengineering
anaysis. The sign should conform to
the standards for color, shape, and
alphabet size and series. The sign
message should be brief, legible, and
Clear.

Regulatory speedlimitsareestablished
by an engineering analysiswhich may
includeatrafficandengineeringsurvey.
Chapter 8 of the Caltrans Traffic
Manual should be consulted before
temporary traffic control zone
regul atory speed limitsareestablished.
Also, an enhanced enforcement
program may need to be considered.

B. Warning Signs

1. Function

Temporary trafficcontrol zonewarning
signs notify drivers of general or
specific conditions on or adjacent to a
roadway.

. Design and Application

With some exceptions, warning signs
shall be diamond shaped with a black
symbol or message on an orange
background. Mounting or space
considerations may justify a change
from the standard diamond shape, but
such variations require prior approval
of the highway authority.
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Warning signs developed exclusively
andusedforincident management shal
havean orangebackground. However,
inemergencies, availablesignshaving
yellow backgrounds may be used if
orange signs are not readily available.
Sign sizes for various type facilities
can be found in the Caltrans Traffic
Sign Specifications. (See footnote 2,

pg. 22.)

Where any part of the roadway is
obstructed or closed, advancewarning
signsarerequiredtoalerttrafficwell in
advance of these obstructions or
restrictions. These signs may be used
singly or in combination. Because of
their importance, they shal have a
standard size of 1200 mm square and
shall be the standard diamond shape
for warning signs, except as provided
above. Signs larger than 1200 mm
square may be used for additional
emphasis of the temporary traffic
control zone.

Where speeds and volumes are
moderately low, a minimum size of
900 mmsguaremay beusedfor advance
warningsigns, if they haveaminimum
letter size of 125 mm.

Onsecondary roadsor city streetswhere
speedsarevery low, signssmaller than
the standard size, but not lessthan 600
mm sguare, may be used for warning
signs having short word messages or
clearly understood symbols.
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Where distances are not shown on
warning signsaspart of themessage, a
separatepanel withthedistancelegend
may be mounted immediately below
the sign on the same support.

3. Spacing of warning signsiscoveredin

Section 5-07.3 Typical Application
Diagrams.

Where highway conditions permit,
warning signs should be placed at
varying distances in advance of the
work zone, depending on the roadway
type, condition, and speed. Where a
series of two or morewarning signsis
used, the closest sign to thework zone
should be placed approximately 60 m
away for low-speed urban streets to
300 m away or more for freeways and
expressways.

Table 5-3 presents the suggested
spacing of warning signs for four
general roadway types for use in
Section 5-07.3, Typical Application
Diagrams. Actual sign spacing must
betempered by engineeringjudgement
based on site specific conditions.

InTable5-3,thecolumnheadings"A",
"B", and "C" are the dimensions for
warning signspacingsfor usein Section
5-07.3, Typica ApplicationDiagrams.
The dimensions are for marking the
locations of warning signs relative to
the transition or point of restriction.

e The "A" dimension is for the
distancefromthework zonetothe
sign nearest the work zone.
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e The"B" dimensionisfor the next
sign upstream of the transition or
restriction.

e The"C" dimensionisfor the first
sign (inathree-sign series) that the
driver encounters in a temporary
traffic control zone.

4. Other Approach Warning Signs

Certain conditions require other
advancewarningsigns, suchaslimited
sight distanceor becausean obstruction
may require amotorist to stop. There
are no specified standards for such
signs. Thedetermination of thesignor
signsto be used shall be based on an
engineering study using thefollowing
sectionsasguidelines. Asandternative
to aspecific distance on these advance
warning signs, theword AHEAD may
be used.

5. Application of Warning Signs for

Maintenance, Minor Road Work, and
Utility Sites

At many maintenance, minor road
work, and utility sites, particularly on
lightly travel ed roads, the sequence of
advance warning signs prescribed for
major road work may not be needed.
The signs described in the following
sectionswill usually providesufficient
advance warning in such situations,
either by themselves or with other
advance warning signs.

Maintenance or minor road work can
occur within the temporary traffic
control zone limits of amajor project.
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Table 5-3
Suggested Advance Warning Sign Spacing
Distance Between Signs
Road Type in Meters (Feet)
A B C

Urban-40 km/h (25 mph) or less 60 (200) 60 (200) 60 (200)
Urban-50 km/h (30 mph) or more 100 (350) | 100 (350) 100 (350)
Rural 150 (500) | 150 (500) | 150 (500)
Expressway/Freeway 300 (1000) | 300 (1000) | 300 (1000)
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Note: These are suggested distances for Advance Warning Signs, adequate sight distances and
proximity to other roadway features may dictate the need for adjustments when placed.

6.

Maintenance or minor road work
warning signs may be needed when
trafficispermittedthrough suchzones.
Maintenance and minor road work
signing and traffic control should be
coordinated with appropriate
authorities so that drivers are not
confused or misled by additional traffic
control devices.

ROAD CONSTRUCTION/WORK
AHEAD Sign (C18/C23)

Either the C18 (CONSTRUCTION)
or C23 (WORK) sign should be used
in advance of a construction or
maintenance project to serve as a
general warning of the work zone.

The third line may be altered to read
500 ft., 1000 ft, etc., as appropriate,
with a C29 plate.

TheC23signisasoavailablewiththe
message RAMP WORK AHEAD.

7.

C23

1500 FT
c29

DETOUR AHEAD Sign (C1)

The DETOUR AHEAD sign shall be
usedinadvanceof apoint wheretraffic
isdiverted around the work zone over
a temporary roadway or route. (See
CVC 21363).
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The second linemay bealtered to read
500 ft., 1000 ft, etc., as appropriate.

DETOUR
AHEAD

C1

8. ROAD CLOSED AHEAD Sign (C19)

TheROAD CLOSED AHEAD signis
used in advance of that point where a
highway isclosed to al trafficor to all
but local traffic.

The third line may be altered to read
500 ft., 1000 ft., etc., as appropriate,
with aC29 plate

TheC19signisalsoavailablewiththe
message RAMP CLOSED AHEAD.

ROAD
CLOSED
AHEAD

C19
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9. ONE LANE ROAD AHEAD Sign
(C16)

TheONELANEROAD AHEAD sign
should be used ahead of that point
where traffic in both directions must
usea commonsinglelane. SeeFigure
5-3. If the affected one-lane roadway
isnot visiblefrom oneendtotheother,
orif thetrafficissuchthat simultaneous
arrivals at both ends occur frequently,
flagging procedures or signal control
should be used to control alternate
traffic flows.

The third line may be altered to read
500 ft., 1000 ft., etc., as appropriate,
with a C29 plate.

Ci16

10. RIGHT LANE CLOSED AHEAD
Sign (C20)

TheRIGHT LANECLOSED AHEAD
sign is used in advance of the point
where one lane of a multiple-lane
roadway is closed. A LEFT overlay
plate (C20A) is available for left lane
closures.

The third line may be altered to read
500 ft., 1000 ft., etc., as appropriate,
with a C29 plate.
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RIGHT LANE
CLOSED
AHEAD

C20

11. FLAGGER Sign (C9A)

The FLAGGER symbol sign should
beused beforeany point whereaflagger
isstationed to control traffic. Thesign
should be used in conjunction with
appropriate other warning signs, such
asthe ROAD WORK AHEAD (C23)
and the PREPARE TO STOP (C36).

The flagging sequence signs shall be
removed, covered, or turned to face
away from traffic when the flagger is
not at the station.

Thesignmay besupplementedwithan

appropriate distance plate (C29) i.e.
500 ft., 1000 ft., etc., as appropriate.

C9A

TRAFFIC CONTROLS
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12. TWO-WAY TRAFFIC Symbol Sign

(W44)

When one direction of travel of a
normally divided highway is closed,
the TWO-WAY TRAFFIC symbol
sign should be used at the beginning of
the closing and at intervals to remind
drivers that they are on a two-way
highway with opposing traffic. The
sign should also be used at locations
whereadivided highway illusion may
cause motorists to think they are on a
one-way roadway when, in fact, they
are on atwo-lane, two-way highway.

A typica situation is a construction
sitewhereatwo-lanehighway isbeing
convertedtoanexpressway or freeway
and grading for the full width section
has been completed.

w44

13. WORKERS Symbol Sign (C22B)

A WORKERS symbol sign may be
used to alert drivers of workersin or
near theroadway. Thesignisnormally
used on utility type work on
conventiona low-speed highways. The
C22C WORKERS educational plate
may be used below the C22B sign.
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C22B

14. FRESH OIL Sign (C4)

15.

TheFRESH OIL signshouldbeplaced
towarndriversthat uncovered road oil
or resurfacing has rendered the
pavement temporarily dippery, andthat
splashing may occur.

C4

ROAD MACHINERY AHEAD Sign
(C8)

The ROAD MACHINERY AHEAD
sign may be used to warn of heavy
eguipment operating in or next to the
roadway.

Traffic Manual

MACHINERY

16. SHOULDER WORK AHEAD Sign
(C24)

The SHOULDER WORK AHEAD
sign may be used to warn of
mai ntenance, reconstruction, or utility
operations on the shoulder, where the
traveled way is unobstructed.

SHOULDER
WORK
AHEAD

C24

17. SURVEY CREW Sign (C25)

The SURVEY CREW sign may be
used to warn of survey crewsworking
in or next to the roadway.



Traffic Manual TRAFFIC CONTROLS

C25

18. Signsfor Blasting Areas

Radiofrequency (RF) energy cancause
the premature firing of electric
detonators (blasting caps) used in
temporary traffic control zones or
blasting zones. Driversmust bewarned
to turn off mobile radio transmitters
and cellular telephones. Thelnstitute
of Makers of Explosives publishes
information on this hazard and
guidelines for safe operations.t

A sequence of signs should be used to
direct operators of mobile radio
equipment to turn off transmittersina
blastingarea. A minimum safedistance
of 300 m should be used for warning
sign placement. These signs shall be
predominantly displayed and covered
or removed when there are no
explosives in the area, or the area is
otherwise secured.

1Safety Guide for the Prevention of Radio Frequency
Radiation Hazards in the Use of Commercial Electric
Detonators (Blasting Caps), Safety Library Publication
No. 20. Institute of Makers of Explosives, 1120 19th
St., N.W. Suite 310, Washington, D.C. 20036-3605.
Telephone 202-429-9280.
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18a. BLASTING ZONE 1000 FT Sign

(C33)

TheBLASTINGZONE1000FT sign
should be used in advance of any
work space where explosives are be-
ing used. The TURN OFF 2-WAY
RADIOS AND CELLULAR TELE-
PHONES and END BLASTING
ZONE signsshall beusedinsequence
with thissign.

BLASTING
ZONE
1000 FT

C33

18b. TURN OFF 2-WAY RADIOS AND

CELLULAR TELEPHONES Sign
(C34 Revised)

The TURN OFF 2-WAY RADIOS
AND CELLULAR TELEPHONES
sign should follow the BLASTING
ZONE AHEAD sign and is placed at
least 300 m before the beginning of
the blasting zone.

TURN OFF
TWO-WAY RADIOS
AND
CELLULAR
TELEPHONES

C34



5-36

1-1996
(Rev. 1)

TRAFFIC CONTROLS

18c. END BLASTING ZONE Sign (C35)

19.

20.

The END BLASTING ZONE sign
shall be placed a minimum of 300 m
past the blasting zone, either with or
preceding the (C14) END ROAD
WORK sign.

END

BLASTING
ZONE

C35

LOW SHOUL DER Sign (C31)

The LOW SHOULDER sign may be
used when the elevation between the
shoulder andtravel ed way exceeds 75
mm in height and is not protected by
aportable barrier.

LOW
SHOULDER

C31

UNEVEN LANES Sign (C41 &
C41A)

The UNEVEN LANES sign may be
used during operations that create a
difference in elevation between
adjacent lanes.

21.
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C41

UNEVEN
LANES

C41A

NO CENTER STRIPE Sign (SC16)
(Not for State Highway use)

The NO CENTER STRIPE sign may
be used when thework obliteratesthe
center stripe. This sign should be
placed at the beginning of the zone
and repeated at 3kmintervalsinlong
zonestoremindthemotorist. I1tshould
also be used at mgor connections,
traffic generators, and/or at
appropriate intervals as determined
by the engineer, to advise motorists
entering within the zone.

NO
CENTER
STRIPE

SC16
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22.

23.

Other Warning Signs

The signs pictured in Figures 5-8a, 5-
8b, and5-8cmay alsobeusedtoprovide
sufficient advance warning, either by
themselves or with other advance
warning signs.

Besidesthewarning signsspecifically
related to temporary traffic control
zones, severa other warning signs,
most of which have been standardized
in Section 4-02 of the Caltrans Traffic
Manual, may apply in these zones.
Whenusedintemporary traffic control
zones, warning signsshall haveablack
legend onan orangebackground except
for the W-47 which will always be
black on yellow.

Advisory Speed Plate (W6)

Incombinationwithawarningsign, an
advisory speed plate may be used to
indicate a recommended safe speed
through the temporary traffic control
zone. When used with orange
temporary traffic control zone signs,
thisplate shall have ablack legend on
an orange background. It shall not be
usedwithany signother thanawarning
sign, nor shall it be used adone. The
sign shall beat least 600 mm squarein
size when used with a sign 900 mm
square or larger. Except in
emergencies, an advisory speed plate
(W6) should not be mounted until the
recommended speed is determined by
the highway authority. See Figures5-
7aand 7b for regulatory signing.

TRAFFIC CONTROLS
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40

MPH

W6

C. Guide Signs

1. Function and Design of Guide Signs

Guide signs are essential along streets
and roadways to give drivers
information that will help them in the
most simple, direct manner possible.
The design of guide signsis given in
Section 4-04 of the Caltrans Traffic
Manual.

Thefollowingguidesignsarerequired
at temporary traffic control zones:

a. Standard route markings, where
temporary route changes are
necessary.

b. Directional signs such as motorist
service signing, recreational and
cultural interest areasigns, tourist-
orienteddirectional signs(TODS),
civil defense signing, and street
namesigns. Whenusedwithdetour
routing, these signs may have a
black legend on an orange
background.

c. Specia information signsrelating
to work being done. These signs
shall have a black legend on an
orange background.
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Figure 5-8a
Warning Signs Used in Temporary Traffic Control Zones

w1 W2 W3 W5
ROAD SOFT
NARROWS SHOULDER
W11l W15 W17 W18
NARROW
BRIDGE
W19 W23 W25 W26
ROUGH
ROAD
W28 W29

W32 W33
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Figure 5-8b
Warning Signs Used in Temporary Traffic Control Zones

ONE
LANE
BRIDGE

W34 W36 W37 W41

W57

W60
LOOSE PREPARE
GRAVEL 70
STOP

C6 C36
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Figure 5-8c
Warning Signs Used in Temporary Traffic Control Zones

NO
PASSING
ZONE

Fed. No. W5-2a* Fed. No. W9-1* Fed. No. W14-3*

*Not to be used on State Highways.
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2. Length of Work Sign (C11)

The Length of Work sign should be
erected in advance of any temporary
traffic control zone of more than 3.2
km in length; it carries the legend
ROAD WORK NEXT __ MILES.
The distance shall be stated to the
nearest whole mile.
TheCllsignisasoavailablewiththe
message STATE HIGHWAY
CONSTRUCTION NEXT
MILES.

ROAD
CONSTRUCTION
NEXT __ MILES

clu

. END CONSTRUCTION/ROAD
WORK Sign (C13, C14)

The END CONSTRUCTION (ROAD
WORK) sign should be placed about
150 past thework zone. Thesignisnot
required if the end of thework zoneis
obvious to motorists.

END
ROAD WORK

C14
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4. DETOUR Signs and Markers

The DETOUR ARROW sign (C5)
should be used where a detour route
has been established because of the
closingof astreet or highway tothrough
traffic. The sign should normally be
mounted just below the ROAD
CLOSED (C2, C3,0r C3A) sign. The
DETOUR ARROW sign has a
horizontal arrow pointedtotheright or
left, as required.

Eachdetour shall beadequately marked
withstandardtemporary routemarkers
and destination signs. The DETOUR
marker sign (C5A), mounted at thetop
of a route marker assembly, marks a
temporary route that branches from a
highway, bypasses a section closed by
a temporary traffic control zone, and
rejoins the highway beyond the
temporary traffic control zone.

TheDETOURsigns(C5, C5A) should
be used for detoured highways, for
emergency situations, for periods of
short durations, or where, over
relatively short distances, traffic may
be guided along the detour and back to
the desired highway. When the detour
is a numbered highway, route shields
should be included on the sign
assembly. A street name sign may be
placed above or incorporated in the
DETOUR signtoindicate the name of
the street being detoured.
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C5

DETOUR

C5A

TheEND DETOUR sign (C7) may be
used to indicate that the detour has
ended. Whenthe END DETOUR sign
is used on a numbered highway, the
sign should be mounted above aroute
shield.

END
DETOUR

C7

Traffic Manual

5. PILOT CAR FOLLOW ME Sign
(C26)

The PILOT CAR FOLLOW ME sign
shall be mounted in a conspicuous
position on the rear of a vehicle used
for guiding one-way traffic through or
around awork space. A flagger shall
be stationed at each end of the
controlled section of highway. A
TRAFFIC CONTROL—WAIT FOR
PILOT CAR sign (C37) should be
used at intersecting approachesto the
pilot car controlled section.

PILOT CAR
FOLLOW ME

C26

5-05.3 Portable Changeable Message Signs

A. Design

Portable Changeable Message Signs
(PCMYS) are traffic control devices with
the flexibility to display a variety of
messagesto fit the needs of road and street
authorities. Each message consistsof one
or more displays. Portable Changeable
Messagesignsare used most frequently on
high-density, urban freeways, but have
applicationsonall typesof highwayswhere
highway alignment, traffic routing
problems or other pertinent conditions
require advance warning and information.
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1. Components: The components of a
PCMS should include message sign
panel, control systems, power source,
and mounting and transporting
equipment.

a. Message Sign Panel

PCMS cannot aways conform to
the exact sign shape, color, and
dimensions specified in these
standards. PCM Sshould subscribe
to the principles established in the
manual, and to the extent
practicable, with the design (i.e,,
color, letter size and shape, and
borders) and applications
prescribed herein. The message
signpanel canvary insizeand may
consist of one, two, or three lines.
High-density urban freeways
typically use three lines of eight
charactersper line. Each character
module shall use, asaminimum, a
fivewide-pixel by sevenhigh-pixel
matrix. The front face of the sign
should becoveredwithaprotective
material. Element colors for
warning messages should be black
onayellow or orange background,
for guide messages, white on a
green background or black on an
orange background; and for
regulatory messages, black on a
whitebackground. Color reversals
are also acceptable.

The signs should be visible from
460 m under ideal day and night
conditions. Each sign message
should be legible from all lanes,
from the sign up to a minimum of
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230 m. In the field, the PCMS
should be sited and aligned to
optimize driver perception and
understanding. Themessagepanel
should have adjustableflash rates,
so that the entire message can be
read at least twice at the posted
speed, the of f-peak 85th percentile
speed prior to work starting, or the
anticipated operating speed.

Under low light level conditions,
the sign shall automatically adjust
its light source so as to meet the
legibility requirements and not
impair the drivers’ vision.

. Control System

The control system shall include
the following features:

* A display screen upon which
messages can be reviewed
before display on the message
sign.

* A capability to provide an
automaticprogrammed default
message if power failure
OCCUrs.

* A backup battery to maintain
memory when power is
unavailable.

Power Source

The PCM S shall be equipped with
apower source and abattery back-
up to provide continuing operation
when failure of the primary power
source Occurs.
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d. Mounting

The mounting of the PCMS shall
be such that the bottom of the
message sign panel shall be a
minimum of 2.1 m above the
roadway whenitisintheoperating
mode.

B. Application.

PCM S haveawidevariety of applications
in temporary traffic control zones,
including roadway or ramp closures,
accident or emergency incident
management, width  restriction
information, advisories on roadwork
scheduling, traffic management and
diversion, warning of adverse conditions,
and operation control. PCMS should be
used with conventional signs, pavement
markings, and lighting.

The primary purpose of PCMS in
temporary traffic control zonesistoadvise
thedriver of «traffic and routing situations.
Some typical applications include the
following:

Where speed of traffic is expected to
drop substantially

*  Wheresignificant queuing and delays
are expected

e Where adverse environmental
conditions are present

* Where there are severe changes in
alignment or surface conditions

» To provide advance notice of ramp,
lane, or roadway closures

Traffic Manual

» For accident or incident management

PCM S should be placed to bevisiblefrom
at least 450 m under both day and night
conditions. Placement in advance of the
temporary traffic control zone or incident
should, as much as possible, take into
account the following factors:

* PCMS will typicaly be placed in
advance of any other temporary traffic
control zone signing and should not
replace any required signing.

»  Whereusedforroutediversion,PCMS
shouldbeplacedfar enoughinadvance
of the work siteto alow traffic ample
opportunity to exit the affected
highway.

* PCMS are normaly placed on the
shoulder of theroadway. However, if
practical, placement further from the
traveled lane isdesirable.

*  Whentwo signsareneeded tocommu-
nicate multiple messages, they should
be placed on the same side of theroad-
way, separated by at least 300 m.

PCMS messages should be readily
understood by driversand thuswill allow
them adequate time to react. Messages
should bedesigned taking into account the
following factors:

* No more than two displays should be
used within any message cycle.

* Each display should convey a single
thought.

» Messagesshouldbeasbrief aspossible.
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* When abbreviations are used, they
should be easily understood.

* The entire message cycle should be
readable at least twice at the posted
speed, the off-peak 85th percentile
speed prior to work starting, or the
anticipated operating speed.

* Messages shall not scroll horizontally
or vertically acrossthefaceof thesign.

5-05.4 Flashing Arrow Signs (Arrow Display)

A Flashing Arrow Sign (FAS-arrow display)
isasign with amatrix of elements. The matrix,
capableof either flashing or sequential displays,is
intended to provide additional warning and
directiona information to assist in merging and
controlling traffic through or around atemporary
traffic control zone. An arrow display should be
used in combination with appropriate signs,
barricades, or other traffic control devices.

A. Flashing Arrow Sign Specifications

FAS shall meet the size and other
specifications of Figure 5-9. A PCMS
may be used to simulate an arrow display.

TypeA arrow displaysare appropriatefor
useonlow-speed urbanstreets. Typell are
appropriate for intermediate-speed
facilities and for maintenance or mobile
operationson high-speed roadways. Type
| arrow displaysareintended to beused on
high-speed, high-volume traffic control
projects.

FAS shall be rectangular, of solid
appearance, and finishedin non-reflective
black. The panel shall be mounted on a
vehicle, atrailer, or other suitable support.

1-1996

A vehicle-mounted panel should be
provided with remote controls. Minimum
mounting height should be 2.1 mfrom the
roadway to the bottom of the panel, except
on vehicle-mounted panels, which should
be as high as practicable.

FAS shall have the following mode
selections:

* A Fashing Arrow, Sequential Arrow,
or Sequential Arrowhead (Chevron)
mode

» Flashing Double Arrow mode
* Flashing Caution mode

FAS elements shall be capable of a
minimum 50 percent dimming from their
full-rated lamp voltage. Full lampvoltage
should be used for day, and dimmed mode
shall be used for night.

FAS shall have suitable elements capable
of the various operating modes. If an
arrow panel consisting of abulb matrix is
used, the elements should be recess-
mounted or equipped with an upper hood
of not less than 180 degrees. The color
presented by the elements shall beyellow.

Minimum element "on time" shall be 50
percent for the flashing mode and equal
intervals of 25 percent for each sequential
phase. Theflashing rate shall beno fewer
than 25 nor morethan40flashesper minute.

. Flashing Arrow Sign Application.

A FASinthearrow or chevron mode may
be used for stationary or moving lane
closures. The caution mode shall be used
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Figure 5-9
Flashing Arrow Sign Specifications

Operating Mode Panel Display*
(Right shown; left similar)

I. At least one of the three following
modes shall be provided:

Flashing Arrow m

Move/Merge Right

Move/Merge Right

Move/Merge Right

Sequential Arrow

Sequential Chevron

2. The following mode shall be
provided:

Flashing Double Arrow m

Move/Merge Right or Left

3. The following mode shall be

provided:
Flashing Caution - or -
Caution
*Element layout for Type | FAS shown.

Panel Minimum Size Minimum Legibility Minimum Number
Types (mm) Distance (km) of Elements

A 1200 x 600 0.8 12

I 1800 x 900 1.2 13

| 2400 x 1200 1.6 15
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only for shoulder work, blocking the
shoulder, roadsidework near the shoul der,
or work within a closed lane.

For a stationary lane closing, the FAS
should be located on the shoulder at the
beginning of the taper.

Where the shoulder is narrow, the FAS
shouldbelocatedintheclosedlane. If they
are used when multiplelanesareclosedin
tandem, the preferred position for
additional arrow displaysisin the closed
lane at the start of the mergetaper. Under
various situations, such as for narrow
shoulders, placement may beinthemiddle
or at theend of the mergetaper but aways
behindthe channelizers. TheFASshall be
located behind any channelizing devices
used to transition traffic from the closed
lane.

For mobile operations where a lane is
closed, the FAS arrow display should be
locatedtoprovideadequateseparationfrom
thework operationtoallow for appropriate
reaction by approachingdrivers. A vehicle
displaying an arrow display shall be
equipped with appropriate signing and/or
lighting.

An arrow display shall not be used on a
two-lane, two-way roadway for temporary
one-laneoperation, or withinaclosedlane.

An arrow display shall not be used to
laterally shift, or divert, lanes of traffic
because it may cause unnecessary lane
changing. For stationary lane closures
only one arrow display shall be used for
each lane closed; it is normally placed at
the beginning of the taper for the closed
lane, wheretraffic must evacuatethat lane.
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For movinglaneclosuresthearrow display
isalsoused ontheadvancewarningvehicle
(intheshoulder areq), toreinforcetheneed
for motoriststo evacuatethelane(s) closed
ahead in which the work vehicles are
occupying.

5-05.5 High-Level Warning Devices

Thehigh-level warning device (flag tree) may
supplement other traffic control devices in
temporary traffic control zones. It isdesigned to
be seen over the top of vehicles. A typical high-
level warning deviceis shown in Figure 5-6.

A high-level warning device shall consist of a
minimum of two flags with or without a Type B,
high-intensity, flashingwarninglight. Thedistance
from the roadway to the bottom of the lens of the
light and to the lowest point of the flag material
shall benolessthan2.4m. Theflagsshall be 400
mm square or larger and shall be orange or
fluorescent versions of orange in color. An
appropriate warning sign may be mounted below
the flags.

High-level warning devices are most
commonly used in urban high-density traffic
situations to warn motorists of short-term
operations.

5-05.6 Channelizing Devices
A. Generd

Thefunction of channelizing devicesisto
warnandalertdriversof conditionscreated
by work activities in or near the traveled
way, to protect workers in the temporary
traffic control zone, and to guide drivers
and pedestrians. Channelizing devices
include, but are not limited to, cones,
portable delineators, drums, barricades,
temporary raised islands, and barriers.
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Devices used for channelization should
provide for smooth and gradual traffic
movement from one lane to another, onto
abypass or detour, or to reduce the width
of thetraveledway. They may alsobeused
to separate traffic from the work space,
pavement drop-offs, pedestrian paths, or
opposing directions of traffic.

Channelizing devices should be
constructed and ballasted to performin a
predictable manner when inadvertently
struck by avehicle. If struck, they should
yield or break away, and fragments or
other debris from the device should not
penetrate the passenger compartment of
thevehicleor becomeaflyingobject which
could strike workers or pedestriansin the
immediate area.

Spacing of channelizing devices should
not exceed a distance in m equal to 0.2 x
km/h (speed) when used for the taper
channelization, and adistance in m of 0.4
x km/h (speed) when used for tangent
channelization.

Warning lights on channelizing devices
should beconsideredinfog or snow areas,
severe roadway curvature, and unusually
cluttered environments. Flashingwarning
lights may be placed on channelizing
devicesused singly or in groupsto mark a
spot condition. Warning lights on
channelizing devicesused in aseries shall
be steady-burn.

The retroreflective material used on
channelizing devices shall have asmooth,
sealed outer surface.

Channelizing devices are elements in a
total system of traffic control devices for
use in temporary traffic control zones.
These elements shall be preceded by a
subsystem of warning devices that are
adequate in size, number, and placement
for thetype of highway onwhich thework
is to take place. Standard designs of
channelizing devices are shownin Figure
5-10.

The name and telephone number of the
agency, contractor, or supplier may be
shown on the non-retroreflective surface
of all channelizing devices. The letters
and numbersshall beanon-retroreflective
color and not over 50 mm in height.

Particular attention should be given to
assuring that channelizing devices are
maintained and kept clean, visible, and
properly positioned at all times. Devices
shall be replaced that are damaged and
have lost a significant amount of their
retroreflectivity and effectiveness.

B. Cones

1. Design

Cones shall be predominantly orange,
fluorescent red-orange, or fluorescent
yellow-orange, not less than 450 mm
inheight, and shall bemadeof amateria
that can be struck without damaging
vehicles on impact. Cones shall be a
minimum of 700 mm in height when
they are used on freeways and other
high-speed highways, on all highways
during nighttime, and all State
highways, or whenever more
conspicuous guidance is needed.
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Figure 5-10
Barricades and Channelizing Devices
Warnin Orange
Light g —» l\ﬁ?n?rmmw il Retroreflective
(Optional) IQI A% Deg Fa Bands
. acing ;
+ Traffic |Q| _>| |<_ 88 mm Min.
200 mm to
T 300 mm* 100 mm toi T T 75 mm x 300 mm
L) 150 mm ; White Retroreflective
900 mm |e— 600mm ___| A 900 mm 200 mm Sheeting
Minimum Minimum Whit _Z Minimum®*
ite .
Retroreflective == 56 mm Min.
Bands *700 mm where speeds
. . are 65 km/h or less
Type | Barricade** Drum Channelizer
|Q| /§45 Deg. v White —» |<— 56 mm Min.

200 mm to
300 mm*
900 mm
Minimum

l < GQQ mm >
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For nighttime use, cones shall be
retroreflective or equipped with
lighting devices for maximum
visibility. Retroreflection of 700 mm
or larger cones shall be provided by a
325 mm band (sleeve), or awhite band
150 mm wide, no more than 75 to 100
mm from the top of the cone, and an
additional 100 mm wide white band a
minimum of 50 mm below the 150 mm
band.

. Application

Traffic cones are used to channelize
traffic, divide opposing traffic lanes,
divide traffic lanes when two or more
lanes are kept open in the same
direction, and delineate short-duration
maintenance and utility work.

Steps should be taken to ensure that
cones will not be blown over or
displaced by wind or moving traffic.
Cones can be doubled up to increase
their weight. Some cones are
constructedwith basesthat canbefilled
with ballast. Others have special
weighted bases, or weighted ringsthat
canbedropped over theconesand onto
the base to provide added stability.
Ballast, however, should not present
any safety concerns if the cones are
inadvertently struck.

C. Portable Delineators (Tubular Markers)

1. Design

Portable delineators shall be
predominantly orange, not less than
450 mm high, minimum 56 mm wide
when facing traffic, and made of a

material that can be struck without
damagingimpactingvehicles. Portable
delineatorsshall beaminimum of 700
mm high when used on freeways and
other high-speed highways, on all
highways during nighttime, or
whenever more conspi cuousguidance
is needed.

For nighttimeuse, portabledelineators
shall beretroreflective. Retroreflection
of portabledelineatorsshall beprovided
by two 75 mmwidewhitebandsplaced
a maximum of 50 mm from the top,
with a maximum of 150 mm between
thebands. Thebandsshall bevisibleat
300 m at night when illuminated by
standard high beam headlights.

. Application

Portable delineators have less visible
areathan other devices and should be
used only where space restrictions do
not alow for the use of other more
visible devices. They may be used
effectively to divide opposing lanes of
traffic, dividetrafficlaneswhentwoor
more lanes are kept open in the same
direction, and delineate edge of
pavement dropoff where space
limitations do not allow the use of
larger devices.

Steps should be taken to assure that
portable delineators will not be blown
over or displaced by traffic by either
affixing them to the pavement with
anchor bolts or adhesive, using
weighted bases, or weightsthat can be
dropped over the portable delineators
and onto the base to provide added
stability. Ballast, however, should not
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be allowed to present any safety
concerns if the delineators are
inadvertently struck. If anoncylindrical
deviceisused, andit couldbedisplayed
with a width less than the minimum
facingtraffic, it shall beattachedtothe
pavement to ensure that the width
facing traffic meets the minimum
requirements.

D. Channelizers (Permanent type, flexible
post)

1. Design

Channelizers are implanted in the
ground or affixed (i.e. epoxied) to the
pavement, and are not susceptible to
displacement, and are capable of
normally withstanding numerous
vehicular impacts. Theheight shall be
900 mm minimum (700 mm where
speeds are 65 km/h or less), the width
of the post shall be 56 mm minimum
and the color predominantly orange.
The 75 mm x 300 mm minimum
retroreflective unit shall bewhite, and
shall bevisibleat 300 m at night when
illuminated by standard high beam
headlights. (See Chapter 6 of the
Caltrans Traffic Manual for other
details and requirements.)

. Application

Channelizers are generally used in
seriesto create a visual fence/barrier,
to provide additional guidance and/or
restrictiontotraffic. They alsomay be
used in lieu of cones, portable
delineators, or drums, to channelize
traffic, divideopposing lanesof traffic,
etc.
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E. Drums

1. Design

Drums used for traffic warning or
channelization shall be constructed of
low-density polyethylenematerial and
shall be flexible or collapsible upon
impact by a vehicle. They shall be
designedtoresist overturning by means
of aweighted base that will separate
from the drum when impacted by a
vehicle. Thebaseshall beof sufficient
weight tomaintainthedruminposition
and upright. Ballast, if used, shall be
either sand or water contained within
the base, or an external ring(s) placed
over (and around) the drum, resting on
thebase. Thedrumbaseand/or external
ballast ring(s) shall not exceed 100
mmin height, and drumringsshall not
exceed 950 mmmaximumindiameter.
Steel drums shall not be used.

Thedrumbody shall beof afluorescent
orangeor predominately orangecolor.
Drumsshall be aminimum of 900 mm
in height above the traveled way- and
haveat | east a450 mmminimumwidth
throughout the 900 mm minimum
height.

The markings on drums shall be
horizontal, circumferential, alternating
orangeandwhiteretroreflectivebands
100to 150 mmwide. Each drum shall
have a minimum of two orange and
two white bands. Any non-retro
reflectorized spacesbetweenthebands
shall not exceed 50 mm wide. The
bandsshall bevisibleat 300 m at night
when illuminated by standard high
beam headlights.
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2. Application. Stripes on barricade rails shall be

Drums are most commonly used to
channelizeor delineatetrafficflow but
may also beused singly or ingroupsto
mark specific locations. Drums are
highly visible and have good target
value, giving the appearance of being
formidable obstacles and, therefore,
command the respect of drivers. They
are portable enough to be shifted from
placeto placewithinatemporary traffic
control project to accommodate
changing conditions but are generally
used in situations where they will
remaininplacefor aprolonged period.

Drums should not be weighted with
sand, water, or any material toanextent
that would make them a problem for
motorists, pedestrians, or workers.
When they are used in regions
susceptible to freezing, they should
have drainage holes in the bottom so
water will not accumulate and freeze.
Ballast shall not be placed ontop of the
drum.

F. Barricades.

1. Design.

Barricadesareportableor fixed devices
having from one to three rails with
appropriate markings. They are used
to control traffic by closing or
restrictingall, or aportion, of theright-
of-way.

Barricadesshall beof threetypes: Type
[, Typell, or Typelll.

alternating orange and white
retroreflective stripes sloping
downward at an angle of 45 degrees.
The stripes shall be 150 mm wide,
except whererail lengths are lessthan
900 mm, then 100 mm wide stripes
may beused. Theminimumrail length
is 600 mm. Barricades used on
expressways, freeways, and other high-
speed roadways shall haveaminimum
of 0.17 m?of retroreflectiveareafacing
traffic.

Barricaderails should be supported in
a manner that will alow them to be
seen by motoristsand provide astable
support not easily blown over by the
wind or traffic. The support for Type
| barricades may include other
unstriped horizontal panels necessary
to provide stability.

Barricades are located adjacent to
traffic and, therefore, are subject to
impact by errant vehicles. Because of
their vulnerablepositionandtheobject
they become to vehicles, they should
beconstructed of lightweight materials
and have no rigid stay bracing for A-
frame designs.

On high-speed highways or in other
situations where barricades may be
susceptibleto overturninginthewind,
sandbagsshould beusedfor ballasting.
Sandbagsmay beplaced onlower parts
of the frame or stays to provide the
required ballast, but shall not beplaced
on top of any striped rail. Barricades
shall not be ballasted by heavy objects
such asrocks or chunks of concrete.
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Owner identification shall not be
imprinted on the face of any
retroreflectorized rail, but may be
printed elsewhere.

. Application

Type | or Type |l barricades may be
used singly or in groups to mark a
specificobject. They may aso beused
aschannelizing deviceswhen they are
intended to provide additional
emphasis in areas where workers are
present. Type | barricades normally
would be used on conventional roads
or urban streets and arterials. Typell
barricades have more retroreflective
area and are intended for use on
expressways and freeways, or other
high-speed roadways.

Type |1l barricades used at a road
closure may extend completely across
aroadway or fromcurbto curb. Where
provision is made for access of
authorized equipment and vehicles, the
responsibility for the Type IIl
barricades should be assigned to a
person to ensure proper closure at the
end of each work day.

When a highway islegally closed but
access must still be alowed for local
traffic, Type 1l barricades should not
be extended completely across a
roadway. A sign with the appropriate
legend concerning permissible use by
local traffic should be mounted on the
barricade(s). (SeeSection5-05.2.A.5.)

Signs may be erected on barricades,
particularly those of the fixed type.
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The ROAD CLOSED and Detour
Arrow signs, and the Large Arrow
warning signs, for example, can be
mounted effectively onor aboveaType
[11 barricade(s) that closestheroadway .
The bottom of signs mounted on
barricades shall be no less that 0.3 m
above the traveled way.

G. Portable Barriers

The need for portable barriers should be
determined by engineering anaysis and
theprotectiverequirementsof thelocation,
not the channelizing needs. They should
be designed in accordance Caltrans
Standard Plans and Specifications.

When serving the additional function of
channelizing traffic, the barrier taper shall
meet standard channelizing taper lengths.
The channelizing barrier shall be supple-
mented by standard delineators,
channelizing devices, or pavement mark-
ings. Channelizing barriers should not be
used for a merging taper except in low-
speed urban areas. See page 5-60 for
addition PortableBarriersinformationand
use.

. Temporary Raised Islands

Temporary raised islands should only be
used on roadways with speeds of 70 km/h
or less except when recommended by an
engineering study.

Temporary raised islands, not to exceed
100 mm in height, may be used to
supplement channelizing devices and
pavement markingsto separatetrafficflows
in two-lane, two-way operations
(TLTWO.) Pavement edge lines may be
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placed on the island itself. Islands may
asohaveapplicationinotherthan TLTWO
where physical separation of trafficin the
temporary traffic control zone is desired.

Onetypeof temporary raisedislandis 100
mm high by 450 mmwideand hasrounded
or chamfered corners. They may be
constructed of Portland cement concrete
or bituminous concrete.

Other Channelizing Devices

Channelizing devices, other than those
specifiedabove, may berequiredfor specia
situations based on an engineering study.
Suchdevicesshould conformtothegeneral
size, color, stripe pattern, retroreflection,
and placement characteristics established
for standard devices.

Markings
Pavement Marking Applications

Adequate pavement markings shall be
maintained along paved streets and
highways in temporary traffic control
zones. Conflicting markings shall be
completely removed as identifiable
pavement markings under day or night,
wet or dry conditions. Thework should be
planned and staged to provide the best
possible conditions for the placement and
removal of the pavement markings.

It is intended, to the extent possible, that
motorists be provided markings within a
work zone comparable to the markings
normally maintained along adjacent
roadways, particularly at either end of the
work zone. The following guidelines set
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forththelevel of markingsand delineation
for various work zone situations.

1. All markings shall be in accordance
with chapter 6 of the Caltrans Traffic
Manual, except as indicated under
Section 5-05.7B (Interim Markings)
of thismanual.

2. Markingsshall be maintained inlong-
term (morethan two weeks) stationary
work zones and shall match and meet
the markings in place at both ends of
the work zone.

3. Markingsshould be provided in short-
term (not more than two weeks)
stationary work zones, as provided for
under Section 5-05.7B (Interim
Markings) of this manual.

4. Markings shall be placed along the
entirelength of any surfaced detour or
temporary roadway, beforesuch detour
or roadway is opened to traffic.

5. Centerlines and lanelines should be
placed, replaced, or delineated where
appropriate before the roadway is
opened to traffic.

6. In any work zone where it is not
practical to provide a clear path by
markings, appropriate warning signs,
channelizing devices, and delineation
shall be used to indicate the required
vehicle paths.

All markingsand devicesusedtodelineate
vehicle and pedestrian paths shall be
carefully reviewed during daytime and
nighttimeperiodstoassurethey leaddrivers
or pedestriansin the intended path.
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Proper pavement marking obliteration
leaves a minimum of pavement scars and
completely removes old marking
materials. Obliterated markings shall be
unidentifiableaspavement markingsunder
day or night, wet or dry conditions.
Overlayingexisting stripeswith black paint
or asphalt does not meet the requirements
of covering, removal, or obliteration;
however, the use of removable,
nonreflective, preformed tapeispermitted
where markings need to be covered
temporarily.

. Interim Markings

Delineation in construction and
maintenance zones is intended to be a
guide to indicate the alignment of the
roadway and outlinestherequired vehicle
path through these areas.

Delineators are reflector units capable of
clearly reflecting light under normal
atmospheric conditionsfrom adistance of
300mwhenilluminated by theupper beam
of standard automobile lights.

Interim pavement markings are those that
may beused until installation of pavement
markings that meet the standards for
permanent pavement markings. Interim
pavement markings, as described below,
shall not beleft in placefor morethan two
weeks (short term). Interim pavement
markings, to remainin placefor morethan
two weeks (long-term), shall conform to
therequirementsfor permanent markings.
(See Chapter 6 of the Caltrans Traffic
Manual.)
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1. Temporarylanelinesand/or centerlines
shall consist of retroreflectorized lines
approximately 600 mm long, 100 mm
wide, spaced approximately 7.3 m
apart. Day/night raised retro-
reflectorized pavement markers,
approved by theCaliforniaDepartment
of Transportation (Caltrans), may be
used in lieu of 600 mm lines, spaced
approximately 7.3 m apart.

2. Rightedgelinesshouldnot besimulated
with dashes or pavement markers
because they could confuse motorists;
however, portable delineators,
permanent type delineators, etc., may
beusedwhereitisconsidereddesirable
to enhance the edge of traveled way
duetocurvilinear alignment, narrowing
pavement, etc.

3. Locations on two-lane conventional
highways where no-passing zone
centerline delineation has been
obliterated shall be posted with asign
package consisting of a "ROAD
CONSTRUCTION/WORK AHEAD"
sign(s) C18/C23 and a "DO NOT
PASS' sign R63 The R63 sign should
beposted at 600 minterval sthroughout
the extended no-pass zone. A "PASS
WITH CARE" signR64 shouldalsobe
placed at the end of the zone.

C. Raised Pavement Markers.

Raised pavement markers should be
considered for use along surfaced detours
or temporary roadways, and other changed
or new travel way alignments, because of
theneedtoaccentuatechangedtravel paths
and their wet-weather performance
capabilities.
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Non-retroreflective raised pavement
markers, supplemented by retroreflective
markers, may be used to simulate painted
linesasshownin Chapter 6 of the Caltrans
Traffic Manual.

Delineators

Delineators (retroreflective units) may be
usedinwork zonestoindicatethealignment
of the roadway through the temporary
traffic control zone. Delineators, when
used, shall beusedin combinationwith, or
be supplemental to, other traffic control
devices.

Delineators shall be mounted on suitable
supports about 1.2 meters above the near
roadway edge, placed 0.6 to 1.8 m outside
the outer edge of the shoulder. They shall
be 75 mm x 300 mm minimum and the
color shall be the same as the color of the
edgeline; white on theright side of traffic,
andyellow ontheleft. Delineatorsshall be
visibleat 300 m at night when illuminated
by standard highbeam headlights. Spacing
along roadway tangentsand curvesshould
beassetforthin Section 6-04 of theCaltrans
Traffic Manual.

Lighting Devices
Function

Temporary traffic control activities often
create conditions on or near the traveled
way that are particularly unexpected at
night, when drivers visibility is sharply
reduced. Itisoftendesirableandnecessary
to supplement retroreflectorized signs,
barriers, and channelizing devices with
lighting devices.
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Four types of lighting devices are
commonly used: floodlights, flashing
yellow beacons, steady-burning electric
lamps, and warning lights.

In work zones where a study indicates a
nighttime collision problem can be
corrected with area illumination,
consideration may be given to providing
roadway lighting.

. FHoodlights

In temporary traffic control zones,
floodlights have a limited but important
application. Temporary traffic control
activities on urban freeways must
frequently be conducted during nighttime
periods when traffic volumes are lower.
Sometimes, largetemporary trafficcontrol
contractsareal so operated on doubleshift,
requiring night work. When nighttime
work isrequired for these or similar types
of projects, floodlights should be used to
illuminate flagger stations, equipment
crossings, and other areas where existing
light is not adequate for the work to be
performed.

In no case shall floodlighting be permitted
tocreateadisabling glarefor drivers. The
adequacy of thefloodlight placement, and
elimination of potential glare, can best be
determined by driving through and
observing the floodlighted areafrom each
direction on the main roadway after initial
floodlight setup.

Construction and maintenance activities
onurbanfreewayswithhigh-volume, high-
density traffic conditions are frequently
conducted during nighttime periods (with
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low traffic volumes). Floodlighting of the
work siteisimportant becausetheworkers
needto seewhat they aredoing, and because
theworkersand thework spaceneedsto be
seen by passing drivers.

. Portable Flashing Beacons

Portable flashing beacons may be used
near pointsof potential conflict asameans
of calling motorists' attention to these
locations. When used, they should
normally be operated 24 hours aday.

The beacons may be operated singly or in
groups. Each flashing beacon unit shall
consist of alighting unit, a flasher unit, a
standard, apower source, and abase. Power
may be provided by batteries or A.C.
electricity. Portable units should be self-
contained, which can be delivered to the
job site and be placed in immediate
operation.

The beacon lens shall have a visible
diameter of 300 mm and shall conform to
State standards for signal lenses, and the
lightingunit shall haveahood and backpl ate
or other suitable means of providing
adequate contrast.

The flasher unit shall provide 50 to 60
flashes per minute with 250 to 350
milliseconds dwell time. The lamp shall
provide a light output equivalent to a 25
watt incandescent lamp.

The mounting height shall be between 1.8
and 3 m, measured from the bottom of the
base to the center of the lens.

During normal daytime maintenance
operations, the functions of flashing
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beacons are adequately provided by
rotating domeor strobelightson vehicles.
However, flashing beacons may be
installed at | ocationswherework activities
require an obstruction(s) to remain in the
roadway at night. (See Section 9-05
"Flashing Beacons' of theCaltransTraffic
Manual.)

. Steady-Burning Electric Lamps

As used herein, steady-burning electric
lamps shall mean a series of low-wattage
yellow electric lamps. They may be used
tomark obstructions, butthey aregenerally
less effective than flashing lights for such
usebecauseof their attention-getting effect.
However, if lights are needed to delineate
the traveled way through and around
obstructionsin atemporary traffic control
zone, thedelineation shall beaccomplished
by steady-burning lamps.

Steady-burning lamps, placed in alineon
appropriate channelizing devices, are
effectivein delineating the proper vehicle
path through temporary traffic control
zones that require changing patterns of
traffic movement. Steady-burning lamps
are a'so used on detours, on lane closures,
when the roadway alignment changes in
tapers, and other situations where the
headlights do not provide retroreflection
to delineate the intended vehicle path.

The application of these devices during
maintenance work isinfrequent dueto the
generally short-term nature of thework. A
typeof maintenanceactivity wheresteady-
burning lamps could be used is removal
and replacement of apart of abridge deck.
Thelampscould bemounted on barricades
and help channel traffic around the work
Space.
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E. Warning Lights

Thelight weight and portability of warning
lights are advantages that make these
devicesuseful assupplementstotheretro-
reflectorizationonhazardwarning devices.
Theflashinglightsareeffectiveinattracting
adriver’s attention.

Asusedherein, warninglightsareportable,
lens-directed, enclosed lights. The color
of thelight emitted shall beyellow. They
may be used in either a steady-burn or
flashing mode. Warning lightsshall bein
accordance with the current I TE Purchase
Specificationfor Flashingand Steady-Burn
Warning Lights'.

Warning lights shall have a minimum
mounting height of 750 mm to the bottom
of thelens. TypeA low-intensity flashing
warning lights are most commonly
mounted on barricades, drums, or advance
warning signs, and are intended to warn
driversthat they are approaching, orin, an
area of potential conflict.

Type B high-intensity flashing warning
lights are normally mounted on advance
warning signsor onindependent supports.
Site conditions within temporary traffic
control zonesmay requirethat thelightsbe
effectiveindaylight aswell asdark. They
are designed to operate 24 hours per day.
Flashers shall not be used for delineation,
as they would tend to obscure the desired
vehicle path.

lincluded in the Equipment and Material Standards of
the Institute of Transportation Engineers Publication
No. ST 017; 525 School Street, S.W., Suite 410,
Washington, D.C. 20024.

Telephone: 202-554-8050.

5-05.9

Type C steady-burn lights are intended to
beusedtodelineatetheedgeof thetraveled
way on detour curves, on lane changes, on
lane closures, and on other similar
conditions.

Type A low intensity flashing warning
lights and Type C steady-burn warning
lightsshall bemaintained soastobevisible
on aclear night from adistance of 900 m.
Type B high intensity flashing warning
lightsshall bemaintained soastobevisible
on asunny day, when viewed without the
sun directly on or behind the device, from
adistance of 300 m.

Other Devices

. Crash Cushions

Crash cushions (also known as impact
energy attenuators) are systems that
mitigate the effects of errant vehicles that
strike objects, either by decelerating the
vehicle to a stop when hit head-on, or by
redirecting the errant vehicle. Crash
cushionsintemporary traffic control zones
protect motoristsfromthe exposed endsof
barriers, and other fixed objects. Two
types of crash cushions used in temporary
traffic control zones are roadside crash
cushionsandtruck-mounted crash cushions
(TMCC). Information about designs and
typesof crash cushionscurrently approved
for useon State highwaysisavailablefrom
Caltrans Divisionof Traffic Operationsin
Sacramento.
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Crash cushions must pass acceptable
performance testing and be designed to
ensure performance to minimize injury to
motorists or redirect errant vehicles.
Periodic inspection of these devices is
necessary to assure that they function as
intended throughout their useful life, or
that they undergo prompt repair/
replacement if hit or damaged.

1. Roadside Crash Cushions

Roadside crash cushions are used in
thesamemanner aspermanent highway
installations to protect motorists from
the exposed ends of barriers, and other
fixed objects. Two typesof stationary
cushionsarecommonly used and must
bedesignedfor thespecificapplication
intended as follows:

a. Redirective Type

The redirective type is an
assembled unit designed to absorb
head-on vehicle impacts and
telescope toward the rear; aso it
may be capable of absorbing side
impacts by redirecting avehicle.

Redirectivetypesnormally areused
whentheexposed objectisnarrow,
or whenspacefor anon-redirective
type is unavailable, such as on
surface streets near adjacent
intersectingroadways. Thecushion
widthmust bewider thantheobject
it isshadowing, but as closeto the
objectwidthaspossible, toprevent
its lateral intrusion into the traffic
lanes.
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b. Non-redirective Type

The non-redirective type may be
struck head-on, and may be the
sand-filled plastic barrel system or
other acceptableenergy-absorbing
device designed to stop errant
vehicles.

Non-redirective crash cushions
must be checked frequently for
vehicle impacts because, once hit,
they may not function as designed
for asecond hit. When sand-filled
barrels are fractured, the sand is
scattered, site cleanup is needed,
and the cushion must be restored
withreplacement barrelsand sand.

2. Truck-Mounted Crash Cushions

Trucks or trailers are often used as
protective vehicles to protect workers
or work equipment from errant
vehicles. These protective vehicles
are normally equipped with flashing
arrows, changeablemessagesigns, and/
or flashers, and must be located
properly in advance of the workers
and/or equipment they are protecting.

Truck-Mounted Crash Cushions
(TMCC) are capable of absorbing the
impact of errant vehicles can be
attached to therear of these protective
vehiclesto reduce the severity of rear-
end crashes. There are a variety of
TMCC designs available.

Theprotectivetruck must bepositioned
asufficient distanceinfront (upstream)
of the workers or equipment being
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protected to allow for appropriate
vehicle roll-ahead, but not so far that
errant vehicles will travel around the
vehicle and strike the workers/
equipment. The cushion should be in
thefull down-and-locked position. For
stationary operations, the truck’s
parking brake should be set and, when
possible, thefront wheel sturned away
from the work site and traffic.

B. Portable Barriers

Portable barriers are designed to prevent
vehicles from penetrating work zones
behind the barrier while minimizing
occupant and worker injuries. They may
also be used to separate two-way traffic.
These devices may be constructed of
concrete, metal, or any materia that can
physically prevent vehicular penetration.

Portable barriers may serve to channelize
traffic. Usefor aspecific project shouldbe
determined by engineering analysis.
However, the protective requirements of
thework zone, not the channelizing needs,
govern the use of portable barriers. When
serving the additional function of
channelizing traffic, portable barriers
should be of a light color for increased
visibility. For nighttimevisibility, barriers
shall be supplemented with standard
delineation, markings, or channelizing
devices. Morespecificinformationonthe
use of portablebarriersand crashcushions
canbeobtainedfrom theCaltransStandard
Plans and Standard Specifications.

Warning lights may be mounted on
continuous barriers. On each side of the

roadway only thefirst twoyellow warning
lights at the start of a continuous barrier
should be Type A flashing. Subsequent
warning lightsonthe barrier shall be Type
C yellow, steady-burning for channel-
ization.

The effect of striking the ends of barriers
shouldbemitigated by useof crash cushions
or by flaringtheendsof barriersaway from
the traveled way. See page 5-53 for
additional information.

C. Temporary or Portable Traffic Signals

Temporary or portable traffic signals can
be used for special applicationsto control
traffic flow at temporary traffic control
zones. These applications include a
highway intersectionwithatemporary haul
road or equi pment crossing, andtemporary
traffic control zones with alternate one-
way traffic flow, such as bridge
construction.

All traffic signal and control equipment
shall meet the standardsand specifications
prescribed in Chapter 9 of the Caltrans
Traffic Manual and/or the Standard Plans
and Specia Provisions.

One-way traffic flow requires an al-red
interval of sufficient duration for trafficto
clear the portion of the temporary traffic
control zone controlled by the traffic
signals. Temporary or portable traffic
signals shall be constructed such as to
avoid the display of conflicting signals at
each end of the temporary traffic control
zone.
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D. Rumble Strips

Rumblestripsaretransversestripsof rough-
textured surface used to supplement
standard or conventiona traffic control
devices. Rumble strips may be used to
aertdriversof achangeintrafficconditions
or geometrics or to bring the driver's
attention to other warning devices. They
provide a vibratory and audible warning
that supplements visual stimuli.

Rumble strips are not suitable as ariding
surface for bicycles and motorcycles.
Where cyclists are permitted, provisions
should be made to allow passage through
or around the rumble strips.

A rumblestrip may consist of raised strips
or depressed grooves. The cross-section
may berectangular, domed, or trapezoidal
in shape. The strips or grooves should be
placedtransversetothedirectionof traffic.
The intervals between rumble strip pads
should be reduced as the distance to the
conditiondiminishes, to create asensation
of acceleration for motorists.

Thefirst rumblestrip pad should beplaced
before the advance warning devices. The
last rumble strip pad should be placed a
minimum of 80 min advance of thetraffic
condition or stop position. Rumble strip
pads should not be placed on short
horizontal or vertical curveswhereloss of
vehicle control could occur because of the
action of the rumble strips on avehicle's
suspension system. Rumble stripsmay be
portable devices.

A warning sign may be placed in advance
of the strips.
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E. Screens.

Screening is used to block the driver's
view of activitiesthat can distract fromthe
driving task. Screening also contains the
work zone and keeps dust and debris off
thepavement. Screensareprimarily useful
on long-term temporary traffic control
projects.

Screens may improve traffic flow where
traffic volumes approach the roadway
capacity because they discourage
"gawking" andreduceheadlight glarefrom
oncoming traffic.

Screens may be mounted on the top of
portableconcretebarriersthat separatetwo-
way traffic. Screensshouldnot bemounted
where they could restrict driver visibility
andsight distance. Additional information
regarding screens can be obtained from
Chapter 9 of the AASHTO Roadside
Design Guide!, and Chapter 7 of the
Caltrans Traffic Manual.

. Opposing Traffic Lane Divider

Opposing traffic lane dividers are
delineation devices used as center lane
dividers to separate opposing traffic on a
two-way operation. The upright, orange-
colored panel shall be approximately 300
mm wide by 450 mm high. Thelegend on
the panel shall be two opposing arrows,
similar tothoseinthelegend onthe TWO-
WAY TRAFFIC sign (W44, page 33).
Thedivider should bemadeof lightweight
reflectorized material. Dividers may be
mounted on conesor tubular markers. See
Figure 5-10.

1IAASHTO, 44 North Capitol Street, N.W., Suite 225,
Washington, D.C. 20001.
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Types of Temporary Traffic Control Zone Activities 5-06

5-06.1 Introduction

Each traffic control zone is different. Many
variables, such as location of work, road type,
speed, volume, geometrics, vertical and horizontal
alignment, pedestrians, and intersections affect
the needs of each zone. Thegoal of traffic control
in work zonesis safety with minimum disruption
to traffic; and, the key factor in making the
temporary traffic control zonesafeand efficientis
proper judgment.

Bicyclists also need protection and access to
the roadway. If a bikeway is closed because of
work in progress, a signed alternate route should
be provided. Bicyclists should not be directed
ontothesamepath used by pedestrians. If bicyclists
must bedirected ontothesamepath aspedestrians,
bicyclistsshould bedirected to dismountings. For
more details on controlling bicycle traffic, see
Chapter 1000 of the Caltrans Highway Design
Manual.

Short-term stationary work takes place both
within the roadway and outside the shoulder, to
construct and maintainthehardwareand equipment
used to provide power, light, water, gas, and
telephoneservice. Utility operationsaregenerally
short daytimeoperations, except under emergency
conditions. Often they are performed on low-
volume, low-speed streets. Operations often
involveintersections, asthat iswhere many of the
network junctionsoccur. Thecrew sizeisusually
small, only a few vehicles are involved, and the
number and types of traffic control devicesplaced
in the temporary traffic control zone may be
minimal. However, as discussed in Section 5-
06.3.A.4, the reduced number of devicesin this
situation should be offset by the use of high-
visibility devices, such asspecial lighting unitson
work vehicles. FiguresTA5-6, TA5-10, TA5-15,
TA5-18, TA5-21, TA5-22, TA5-23, TA5-26 and

TA5-33 are examples of typical applications for
short-term stationary operations. Other typicals
may apply as well.

Inthissection, typical temporary traffic control
zonesituationsareorganized accordingtoduration
and location of work and highway type. Section5-
07, whichfollowsthe same organization, presents
layouts of these typical temporary traffic control
zonesituations. Table5-4,in Section5-07,indexes
by figure number the typical temporary traffic
control zoneapplicationsdescribedinthissection.

5-06.2 Typical Applications

Typical applicationsincludeavariety of traffic
control methods, but do not include a layout for
every conceivable work situation. Typical
applicationsshould beatered, when necessary, to
fit the conditions of a particular temporary traffic
control zone. Standards presented in Sections 5-
01 through 5-05 should be given priority over the
examples given in the typical applications.

Thetypical applicationsillustrated in Section
5-07 generally represent highway agency norms.
Other devices may be added to supplement the
devicesshowninthetypical applications, andsign
spacings and taper lengths may be increased to
provideadditional timeor spacefor driver response.
In some situations, however, such as an urban
setting, too many devices can spread signing over
too long a distance to be meaningful. When
conditions are not as difficult asthose depicted in
thetypical application, fewer devicesmay suffice.

Although portable barriers are frequently
indicated in the typical applications of Section 5-
07, they are not traffic control devices in
themselves. However, when placed in aposition
identical to a line of channelizing devices and
marked and/or equipped with appropriate
channelizingfeaturesto giveguidanceandwarning
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both day and night, they serve as traffic control
devices and, therefore, must conform to all
requirementsfor such devicesset forththroughout
this manual.

5-06.3 Selecting the Typical Application

Selecting the most appropriate typical
application and modifications for a temporary
traffic control zone requires knowledge and
understanding of that zone. Although there are
many ways of categorizing temporary traffic
control zone applications, the three factors
mentioned earlier (work duration, work location,
and highway type) have been used to characterize
the typicalsillustrated in Section 5-07.

A. Duration of Work

Work duration is a major factor in
determining the number and types of
devices used in temporary traffic control
zones. Thefivecategoriesof work duration
and their time at alocation are asfollows:

* Long-term stationary Work that
occupies alocation more than 3 days.

* Intermediate-termstationary Work that
occupiesalocationfromovernightto3

days.

* Short-term stationary Daytime work
that occupies a location from 1 to 12
hours.

» Short-duration-Work that occupies a
location up to 1 hour.

* Mobile-Work that movesintermittently
or continuously.
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1. Long-Term Stationary Work

Atlong-term stationary traffic control
zones, thereisampletimetoinstall and
realize benefits from the full range of
traffic control procedures and devices
that are available for use. Generally,
larger channelizing devices are used,
as they have more retroreflective
material and offer better nighttime
visibility. Thelarger devicesare aso
less likely to be displaced or tipped
over; animportant considerationduring
those periods when the work crew is
not present. Furthermore, as long-
term operations extend into nighttime,
retroreflective and/or illuminated
devices are required. Temporary
roadwaysand barrierscanbeprovided,
and inappropriate markings should be
removed and replaced with temporary
markings.

Intermediate-Term Stationary Work

During intermediate-term stationary
work, itmay not befeasibleor practical
touseproceduresor devicesthat would
be desirable for long-term stationary
traffic control zones, such as altered
pavement markings, barriers, and
temporary roadways. The increased
timeto placeand removethesedevices
in some cases could significantly
lengthen the project, thus increasing
exposuretime. Inother instances, there
might be insufficient payback time to
make more elaborate traffic control
economically attractive.
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3. Short-Term Stationary Work Mobile operations also include work

Most maintenance and utility
operations are short-term stationary
work. The work crew is present to
maintain and monitor the temporary
trafficcontrol zone. Theuseof flaggers
is an option. Lighting and/or
retroreflective devices should be
chosen to accommodate varying
seasonal, climatic, and visibility
situations.

. Short Duration Work

During short-duration work, there is
exposure involved for the crew in
setting up and taking down the traffic
controls. Also, sincethework timeis
short, the time during which motorists
are affected is significantly increased
as the traffic control is expanded.
Consideringthesefactors,itisgenerally
heldthat ssmplified control procedures
may be warranted for short-duration
work. Suchshortcomingsmay beoffset
by the use of other, more dominant
devices such as special lighting units
on work vehicles.

. Mobile Work

Mobile operations are work activities
that move along the road either
intermittently or continuously. Maobile
operationsofteninvol vefrequent short
stops, each as much as 15 minutes
long, for activitiessuchaslitter cleanup,
pothole patching, or utility operations
andaresimilar to stationary operations.
Warning signs, flashing vehiclelights,
flags, and/or channelizing devices
should be used.

activitiesin which workersand equip-
ment moveal ong theroad without stop-
ping, usualy at slow speeds. The
advance warning area moves with the
work zone. Traffic should be directed
to pass. Parking may be prohibited,
and work should be scheduled during
off-peak hours. For some continu-
ously moving operationssuch asstreet
sweeping wherevolumesarelight and
visibility is good, a well-marked and
well-signed vehicle may suffice. If
volumes and/or speeds are higher, a
shadow or backup vehicleequipped as
asigntruck, preferably suppliedwitha
flashing arrow display, should follow
the work vehicle. Where feasible,
warning signs should be placed along
the roadway and moved periodically
as the work progresses. In addition,
vehicles may be equipped with such
devicesasflags, flashing vehiclelights,
truck-mounted attenuators, and appro-
priate signs. These devices may be
requiredindividually orinvariouscom-
binations, including all of them, as
determined necessary.

Safety should not be compromised by
using fewer devices ssmply because
the operation will frequently change
its location. Portable devices should
be used. Flaggers may be used, but
caution must be exercised so they are
not unnecessarily exposed to traffic.
The control devices should be moved
periodically tokeepthem near thework
zone. |If mobileoperationsareineffect
on a high-speed travel lane of a
multilane divided highway, flashing
arrow displays should be used.



Traffic Manual

B. Location of Work

The choice of traffic control needed for a
temporary traffic control zone depends
upon where the work is located. As a
genera rule, the closer the work is to
traffic, themorecontrol devicesareneeded.

Work can take place in the following
locations:

1. Outsideof theshoulder edge. Devices
may not be needed if work is confined
toan area4.6 mor morefromtheedge
of the shoulder. Consideration should
be given to roadway characteristics,
roadway geometrics, andvehiclespeed.
A general warning sign like ROAD
MACHINERY AHEAD should be
used if workers and equipment must
occasionally move closer to the
highway.

2. On or near the shoulder edge. The
shoulder should be signed as if work
were on theroad itself, sinceit is part
of the drivers' "recovery area."
Advance warning signs are needed.
Channelizing devicesareusedto close
the shoulder, direct traffic, and keep
the work space visibleto the motorist.
Portable barriers may be needed to
prevent encroachment of errant
vehicles into the work space and to
protect workers.

3. On the median of a divided highway.
Workinthemedianmay requiretraffic
control for both directions of traffic,
through the use of advance warning
signs and channelization devices. If
themedianisnarrow, withasignificant
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chancefor vehicleintrusioninto long-
term work sites and/or crossover
accidents, portable barriers should be
used.

4. On the traveled way. Work on the
traveled way demands optimum
protection for workers and maximum
advancewarningfor drivers. Advance
warning must provide a general
message that work is taking place,
information about specific conditions,
and actions the driver must take to
drive through the temporary traffic
control zone.

C. Roadway Type

Roadway type is aso a primary factor in
theuseof temporary trafficcontrol devices.
Typical application diagrams of the
following categories of roadway type are
included in Section 5-07:

Rural Two-lane Roadways

Urban Arterial Roads

Other Urban Streets

Rural or Urban MultilaneDivided and
Undivided Highways

I ntersections

Freeways

AW

o O

Rural two-lanehighwaysarecharacterized
by relatively low volumesand high speeds.
Urban arterial roads often have lower
speeds, but they may require significant
controlsbecause of higher traffic volumes
and closer spacing of such design features
asintersections. Other urban streets with
light traffic volumeswill generally require
fewer, but more closely spaced devices.
Major arterials and freeways need the
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highest type of traffic control, primarily
because of high speeds and often high
volumes of traffic.

To improve traffic operations, typical
designs may be modified to a more
elaborate treatment, as indicated by the
following:

» Additional devices
- Additional signs
- Flashing arrow displays
- More channelizing devices at closer
spacing
- Temporary raised pavement markers
- High-level warning devices
- Portable changeable message signs
- Portable traffic signals
- Portable barriers
- Crash Cushions
- Screens
- Rumble strips

» Upgrading of devices

- A full complement of standard
pavement markingsin areas of high
conflicts

- Brighter and/or wider pavement
markings

- Larger signs

- Higher type channelizing devices

- Barriers in place of channelizing
devices

* Improved geometrics at detours or
crossovers, giving particular attention
totheprovisionsset forthin Section 5-
01.2

* Increased distances
- Longer advance warning area
- Longer tapers
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e Lighting
- Temporary roadway lighting
-Steady-burn lights used with
channelizing devices
- Flashinglightsfor isolated conditions
- [lluminated signs
- Floodlights

When conditions are not as difficult as
those depicted in the typical applications,
fewer devices may suffice. However,
uniformity of devicesandtheir application
is aways extremely important.

5-06.4 Work Outside of the Shoulder

Traffic control depends primarily on devices
such as advance warning signs, flashing vehicle
lights, and flags. Anadvancewarningsignshould
be used when any of the following conditions
occur:

 Work will be performed immediately
adjacent totheshoul der at certain stagesof
the activity.

»  Equipment may be moved along or across
the highway.

» Motorists may be distracted by the work
activity.

A typical sign for this situation may be
SHOULDER WORK AHEAD. If the equipment
travels on or crosses the roadway, it should be
equipped with appropriate flags, flashing lights,
and/or aSLOW MOVING VEHICLE symbol.

A typical layout for stationary work outside of
the shoulder is shown in Figure TA5-1. Special
signing for a blasting zone is shown in Figure
TA5-2. Atypical layoutfor short-duration, mobile
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and moving work outside of the shoulder and on
the shoulder is shown in Figure TA5-4.

5-06.5 Work on the Shoulder

Thissectiondescribestypical applicationsthat
cover shoulder work. It is divided into shoulder
work that does and does not interfere with traffic.

A. No Encroachment on Traveled Way

Thereisnodirect interferencewithtraffic.
When the shoulder is occupied or closed,
the drivers should be advised and the
workers should be protected. In some
instances, this may require the use of
portablebarriersif workisdirectly adjacent
to the travel lane. Usudly, the single
warning sign, SHOULDER WORK
AHEAD, isadequate. When animproved
shoulder isclosed onahigh-speed highway,
it should betreated asaclosing of aportion
of the road system because drivers expect
tobeabletouseitinemergencies. Motorists
should be given ample advance warning
that shoulders are closed to use as refuge
areas throughout a specified length of the
approachingtemporary trafficcontrol zone.
The signs should read SHOULDER
CLOSED with distances indicated. The
work space on the shoulder should be
closed of f by ataper of channelizingdevices
with alength of /3 L, using the formulas
in Section 5-02.3. Flashing arrow signs,
whenused, shall beused only inthecaution
mode.

B. Minor Encroachment on Traveled Way
When work ison the shoulder or takes up

part of alane, traffic volumes, vehiclemix
(buses, trucks, and cars), speed, and
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capacity should be analyzed to determine
whether theaffectedlaneshould beclosed.
The lane encroachment should permit a
remaining lane width of 3 m or the lane
should be closed. However, 2.7 m is
acceptable for short-term use on low-
volume, low-speed roadways for traffic
that does not include longer and wider
heavy commercial vehicles. Figure TA-6
illustrates a method for handling traffic
wherethestationary or short durationwork
spaceencroachesdlightly intothetraveled

way.
Work Within Traveled Way-Rural Two-Lane
Detours

Typical layouts for detours of two-lane
highways are shown in Figures TA5-7,
TA5-8, and TA5-9. Figure TA5-7
illustratesthecontrolsaroundanareawhere
a section of roadway has been closed and
abypassconstructed. Channelizingdevices
and pavement markingsareusedtoindicate
the transition to the temporary roadway.

Detour signing is usually handled by the
traffic engineer with authority over the
roadway becauseit is considered atraffic
routing problem. Detour signsare used to
direct traffic onto another roadway. When
thedetour islong, signsshould beinstalled
toperiodically remindandreassuredrivers
that they arestill on adetour. Thisisdone
by using the DETOUR sign (C5A).

When an entire roadway is closed, as
illustratedin Figure TA5-8, adetour should
be provided and traffic should be warned
inadvance of theclosure. Thisillustration
isan examplefor aclosing 16 kmfromthe
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intersection. If local traffic is allowed to
use the roadway up to the closure, the
ROAD CLOSED TO THRU TRAFFIC
sign should be used. The portion of the
road open to local traffic should have
adequatesigning, marking, and protection.

Detours should be signed so that traffic
will be able to get through the entire area
and back to the original roadway asshown
in Figure TA5-9.

B. One-Way Traffic Control

When onelaneisclosed on two-lane, two-
way roads, the remaining lane must be
used by traffictravelinginboth directions.
Techniques for controlling traffic under
such conditionsaredescribed in Section 5-
02.5.

5-06.7 Work Within Traveled Way-Urban Streets
or Arterial

Urban temporary traffic control zonesmay be
dividedinto segments. Decisionsmust bereached
as to how to control vehicular traffic, how many
lanesarerequired, or whether any turns should be
prohibited at intersections. Pedestriantraffic must
beconsidered. If work will bedoneonthesidewalk,
it may be necessary to close the sidewalk and
assign the pedestrians to another path. Next,
decisions must be reached as to how to maintain
accesstobusiness,industrial, andresidentia areas.
Even if the road is closed to vehicles, pedestrian
access and walkways must be provided.

Bicyclists' protectionandaccessareespecially
needed on these types of roadways. If abikeway
isclosed because of thework being done, asigned
aternate route should be provided. Bicyclists
should not be directed onto the path used by
pedestrians. For moredetailsoncontrollingbicycle
traffic, see Chapter 1000 of the CaltransHighway
Design Manual.
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Utility work takes place both within the
roadway and outsidethe shoulder to construct and
maintain the hardware and equipment. Ultility
operationsaregeneraly daytimeoperations, except
under emergency conditions. Often they are
performed in low-volume and low-speed streets.
Operations often involve intersections, since that
iswheremany of thenetwork junctionsoccur. The
crew sizeisusualy small, only afew vehiclesare
involved, and the number and types of traffic
control devices placed in the temporary traffic
control zone may be minimal. However, as
discussed in Section 5-06.3.A .4, inthis situation
thereduced number of devices should be offset by
the use of high-visibility devices, such as special
lighting units on work vehicles. Figures TA5-6,
TA5-10,TA5-15,TA5-18, TA5-21, TA5-22, TA5-
23, TA5-26, and TA5-33 are examples of typical
applicationsfor utility operations. Other typicals

may apply as well.

5-06.8 Work Within Traveled Way-Rural or Urban,
Multilane Divided and Undivided, Non-

Access Controlled

Thissection describestypical applicationsfor
work on multilane (four or more) streets or
highways. Itisdividedintorightlaneclosures, | eft
laneclosures, multiple-laneclosures, and closures
on five-lane roadways.

Figure TA5-34 illustrates a lane closure in
which portable concrete barriers are used. As
described in Section 5-05.9, portable barriers are
not in themselves traffic control devices but, if
placed aong an adequate taper, transition, or
tangent section, they may serve as traffic control
devicesto provideguidanceandwarningto passing
motorists. Inserving thistraffic control function,
portablebarriersmust beequippedwithappropriate
channelizing devices, delineation, and/or other
traffic control devices in order to perform
acceptably during day and night operations. When
determined necessary by an engineering anaysis,
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barriers should be usedeto prevent incursions of
errant vehiclesbeyondtheir designatedtravel lanes.
The four primary functions of barriers are as
follows:

To keep traffic from entering work zones,
such as excavations or material storage
Sites.

To provide protection for workers and
pedestrians.

To separate two-way traffic.

To protect roadwork such asfalsework for
bridges and other exposed objects.

Right Lane Closed

Traffic control similar to that shown in
Figure TA5-33 may be used for undivided
or divided four-lane roads. If traffic
volumes are high, traffic may back up. If
morning and evening peak hourly traffic
volumes in the two directions are uneven
andthegreater volumeisonthesidewhere
the work is being done, theinside lanefor
opposing traffic may be closed and made
availabletothesidewith heavier traffic, as
showninFigureTA5-31. A volumecheck
in both directions should be made before
this method is used.

If theheavier traffic changestotheopposite
direction, thetrafficcontrol canbechanged
to alow two lanes for opposing traffic by
moving the devices from the opposing
laneback tothecenterline. If thesechanges
occur frequently, conesor tubes should be
used at close spacing to emphasize the
centerline.
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B. Left Lane Closed

If the work activity can be contained
entirely within the left (or inside) lane, it
may be appropriateto close only that lane.
Channelizing devices should be placed
aong the centerline and outside of the
work activity to give advance warning to
the opposing traffic. An alternativeisto
close the two center lanes, as shown in
Figure TA5-30, to give motorists and
workers additional protection and to
provide easier access to the work space.
Overall eneeds, evaluated on the basis of
existingtrafficvolumesand speedsineach
direction, isthemainfactor for determining
alternatives.

. Multiple Lanes Closed

Whenthework occupiesmultiplelanesfor
one direction of traffic, the number of
lanes remaining open may be reduced to
one for each direction as shown in Figure
TA5-32. A capacity analysisis necessary
before this method is initiated. Traffic
should bemoved over onelaneat atimeas
shown in Catrans Standard Plan T10.
When both center lanes are closed, traffic
controlsmay beusedasindicatedinFigure
TA5-30. When aroadway must be closed
on adivided highway, amedian crossover
may be used (see Section 5-06.10.B and
C). Whenthedirectional roadway isclosed,
inapplicable WRONG WAY signs and
markings, and other existingtraffic control
devices at intersections within the
temporary two-lane, two-way operations
section, should be covered, removed, or
obliterated.
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D. Five-Lane Roads

Traffic control for lane closures on five-
lane urban or rural roadsissimilar to other
multilane undivided roads. Figures TA5-
32 and TA5-34 should be adapted for use
onfive-laneroads. For short-duration and
mobile operations, see Figure TA5-35.

5-06.9 Work Within Traveled Way-Intersections

For work at an intersection, advance warning
signs, devices, and markings are to be used as
appropriate on all cross streets. The effect of the
work upon signal operation should be considered,
such as signal phasing for adequate capacity and
for maintaining or adjusting detectors in the
pavement.

A shoulder closureisdoneasshowninFigure
TA5-4. A minor encroachment is done as shown
in Figure TA5-6.

When alaneis closed on the approach side of
an intersection, standard lane closure and taper
techniques apply, asshown in Figure TA5-21. A
turn lane may be used for through traffic.

When alane must be closed on the far side of
an intersection, that lane should be closed on the
near side approach, or converted to an exclusive
turn lane, as shown in Figures TA5-22, TA5-23,
TA5-24, and TA5-25. Whentrafficisconfined to
asingleapproach lane, turning prohibitionsshould
be considered.

If the work is within the intersection, several
options exist as follows:

» Keep the work space small so that traffic
can move around it, as shown in Figure
TAB-26.

» Useflaggerstoassign theright-of-way, as
shown in Figure TA5-27.
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» Dothework in stages so thework spaceis
kept small.

* Reducetraffic volumesby road closing or
upstream diversions.

5-06.10 WorkWithin Traveled Way-Freeways and
Expressways

Traffic control issues occur under the special
conditions encountered where traffic must be
moved through or aroundtemporary traffic control
zones on high-speed, high-volume roadways.
Although the genera principles outlined in the
previous sections of the manual are applicableto
all typesof highways, special considerationshould
begiventomodern, high-speed, access-controlled
highways to accommodate traffic in a smanner
that also adequately addresses the needs of the
work forces. The density of traffic on these
facilities requires that detailed traffic control
procedures be implementedewell in advance of
work spacesandinamanner that createsminimum
turbulence and delay in the traffic stream. These
Situations may require more conspicuous devices
than specified for normal rural or urban street use.
However, thesameimportant basic considerations
of uniformity and standardization of general
principles apply for all roadways.

The year-round, night-and-day intensity of
use of expresswaysand freeways meansthat there
IS no season during which work can be scheduled
when traffic volumes and density are low. These
activities therefore must be performed under
extremely heavy traffic conditions.

Traffic controlsfor short-duration and mobile
operations are shown in Figure TA5-35 for local
roads and Caltrans Standard Plans T15, T16 and
T17 for State highways.
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A. Potential Problem Areas

The performance of work under high-
speed, high-density traffic on controlled
access highways is complicated by many
of the design and operational features
inherent to their use.

The presence of median dividers that
establish separateroadwaysfor directional
traffic may al so prohibit theclosing of that
roadway or thediverting of traffic to other
lanes. A typical layout for shifting traffic
lanes around a work space is shown in
Caltrans Standard Plan T10.

Lack of access to and from adjacent
roadways prohibits rerouting of traffic
away from the work space in many cases.

A major considerationintheestablishment
of traffic control is the vehicular speed
differential which exists and the limited
timeavailablefor driverstoreacttounusua
conditionswhilestill providing anactivity
area that addresses the needs of the work
forces. Traffic control for a typica lane
closure is shown in Figure TA5-33 and
Caltrans Standard Plan T10.

Other conditionsexist wherework must be
limitedtonight hours, thereby necessitating
increased use of warning lights,
illumination of work spaces, and advance
warning systems.

. Two-Lane, Two-Way Traffic on One
Roadway of aNormally Divided Highway.

Two-lane, two-way operations (TLTWO)
on one roadway of a normally divided
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highway is a typical application that
requires special consideration in the
planning, design, and construction phases.
Asoperational problemscanarisewiththe
TLTWO, this typical application will be
discussed here.

Before including a TLTWO in the traffic
control plan for a project, careful
consideration should be given to its
reasonableness. The following items
should be considered during the decision-
making process:

e |sasuitable detour available?

* What are the characteristics of the
traffic?

e Can traffic be maintained on the
shoulder?

» Cantemporary lanesbe constructedin
the median?

e Can the work be accomplished by
closing only one directional lane? If
thisoptionisselectedfor consideration,
what are the impacts to temporary
traffic control zone personnel ?

o |faTLTWOissdected, will thisresult
in ashorter contract time?

e WilltheTLTWO allow acontractor to
perform thework moreefficiently and
thusresult in a substantial decreasein
contract cost?

« What is the "track record" of smilar
install ations?
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* Are there any width or height C. Crossovers

restrictions that would preclude the
TLTWO or theuse of ashoulder or the
median as atemporary lane?

 What are the condition of the travel
way and shoulder pavements in the
proposed TLTWO section? Due to
width restriction, traffic may drive on
the shoulders, which must be
structurally adequate.

» Consider detour using aternate route
for one direction of traffic.

Thetraffic control shall include provision
for separating opposing traffic whenever
two-way trafficmust bemaintained onone
roadway of a normally divided highway.
TheTLTWOshall beusedonly after careful
consideration of other available methods
of traffic control.

When traffic control must be maintained
on one roadway of a normally divided
highway, opposingtrafficshall beseparated
either with portable barriers (concrete
safety-shapeor approvedalternate), or with
channelizing devicesthroughout thelength
of the two-way operation. The use of
striping, raised pavement markers, and
complementary signing, either aloneor in
combination is not considered acceptable
for separation purposes.

Treatments for entrance and exit ramps
within the two-way roadway segment of
this type of work are shown in Caltrans
Standard Plans T10 and T14.

Thefollowing aregood guiding principles
for the design of crossovers.

Tapers for lane drops should not be
contiguous with crossovers.

» Crossovers should be designed for
Speeds not less than 16 km per hour
below the posted speed, the off-peak
85th percentile speed prior to work
starting, or the anticipated operating
speed of the roadway, unless unusual
site conditions require that a lower
design speed be used.

» A full array of channelizing devices,
delineators, and full-length, properly
placed pavement markings are
important in providing drivers with a
clearly defined travel path.

» Portable concrete barriers and the
excessiveuseof traffic control devices
cannot compensatefor poor geometric
design of crossovers.

* The design of the crossover should
accommodate all roadway traffic
including bicycles, trucks, and buses.

e A clear area should be provided
adjacent to the crossover.

. Interchanges

Access to interchange ramps on limited
accesshighwaysshouldbemaintainedeven
if thework spaceisin thelane adjacent to
theramps. If accessisnot possible, ramps
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may be closed by using signsand Typelll
barricades (Type | or Il if less than 2
weeks.) Early coordination with officials
having jurisdiction over the affected cross
streetsis needed before ramp closings.

Egress to exit ramps should be clearly
marked and outlined with channelizing
devices. For long-term projects, old
pavement markings should be removed
and new ones placed. Asthe work space
changes, the access areamay be changed.
Traffic control work in the exit ramp may
be handled as shown in Caltrans Standard
Plans T10 and T14. When awork space
interferes with an entrance ramp, a lane
may need to be closed on the freeway.
Work in the entrance ramp may require
shifting ramp traffic. Traffic control for
both operations is shown in Caltrans
Standard Plan T14.

5-06.11 Control of Traffic ThroughIncident Areas

The primary function of traffic control at an
incident areaisto move traffic through or around
theincident. Also, proper traffic control through
incident areasisessential for fireand enforcement
agency activities. Anincident is an emergency,
traffic collision, natural disaster, or special event.
Examples include a stalled vehicle blocking a
lane, atraffic collision blocking thetraveled way,
a hazardous chemical spill closing a highway,
floodsand severestormdamage, aplannedvisit by
adignitary, or amajor sporting event.

Emergencies and disasters may pose severe
and unpredictable problems. Theability toinstall
proper traffic control may begreatly reducedinan
emergency, and any devices on hand may be used
for the initial response as long as they do not
themselves create unnecessary additional
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problems. If thesituationisprolonged, thestandard
procedures and devices set forth in this manual
shall be used. Specia events, on the other hand,
can beproperly planned for and coordinated. This
manual providesstandardsfor theproper procedure
for closing portions or entire roadways in
conjunction with such activities.

Truck Route National Network and hazardous
cargosignsareincludedin Chapter 4 of theCaltrans
TrafficManual. Duringincidents, longer vehicles
may need to follow a different route from
automobilesbecause of bridge, weight, clearance,
or geometric restrictions. Also, vehiclescarrying
hazardousmaterialsmay needtofollow adifferent
route from other vehicles.

Thecontrol of traffic throughincident areasis
anessential part of fireand enforcement operations.
For these operations there must be adequate
legislative authority for the implementation and
enforcement of neededtrafficregulations, parking
controls, and speed zoning. Such statutes should
provide sufficient flexibility in the application of
traffic control to meet the needs of the changing
conditionsin incident areas.

Maintaining good publicrel ationsisnecessary.
The cooperation of the newsmediain publicizing
the existence of, and reasons for, incident areas
and their traffic information can be of great
assistance in keeping the motoring public well
informed.

Street or highway incident management signs
fall into two mgjor categories: regulatory signs
and warning signs. Specifications for incident
sign design are presented in Section 5-05.2.

Thechannelizing devicesdiscussedin Section
5-05.6 should be used whenever possible. Flares
may beusedtoinitiatetrafficcontrol atal incidents
or for short-term traffic control such as clearing
incident sites, but should be replaced by more
permanent devices as soon as practicable.
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A short-termroad closing caused by anincident
such as atraffic collision may block the traveled
way. Traffic may be detoured around theincident
and back totheoriginal roadway. Thejurisdiction
having control of the roadway will probably need
to determinethe detour route and install the signs.
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Large trucks are a primary concern in such a
detour.

Anincident such asahazardouschemical spill
may require closure of an entire highway. Local
traffic can adjust totheclosure, but through traffic
must be guided around theincident and back tothe
original route.

Application of Devices 5-07

5-07.1 Typical Applications

Section 5-06 contains discussion of typical
activities. Section5-07 presentstypical application
diagrams for a variety of situations commonly
encountered. While not every situation is
addressed, theproceduresillustrated cangenerally
beadapted to abroad rangeof conditions. In many
instances, it will be necessary to combinefeatures
from various typical application diagrams. For
example, work at an intersection may present a
near-side work zone for one street and a far-side
work zone for the other street. These treatments
are found in two different diagrams, and a third
diagram showshow to handlepedestrian crosswalk
closings.

Procedures for establishing temporary traffic
control zones vary with such conditions as road
configuration, location of thework, work activity,
duration, traffic speed, traffic volume, and
pedestrians. Examples presented in this section
are guides showing how to apply principles and
standards. Judgment is needed in applying these
guidelines to actua situations and adjusting to
field conditions. In general, the procedures
illustrated represent the minimum needs for the
situation depicted. Other devicesmay beaddedto
supplement thedevicesand device spacing may be
adjusted to provide additional reaction time or
protection. Wherethesituation beingaddressedis
less than typical, actual conditions may require
fewer devices.

5-07.2 General Notes

General notesfor variousapplication categories
areprovided below. Numerousfiguresand tables
found throughout this manual provide guidance
for the development of traffic control plans and
procedures. Several of theseexhibitspresentedin
previous sections are repeated for convenience
after thegeneral notes. Noteparticularly Figure5-
11, which servesasthelegend for symbolsusedin
the diagrams.

A. Work PerformedontheRoadside(Outside
Shoulder)

When work is being performed off the
roadway (beyond shouldersyet within the
right-of-way), littleor notemporary traffic
control may beneeded. If thereisno effect
upon traffic, no devices are needed, but
thisis rarely the case. More commonly,
there may be driver distraction, vehicles
may be parked on the shoulder, vehicles
may be accessing the work site via the
highway, or equipment may on occasion
need to travel on or cross the roadway to
performthework operation (e.g. mowing).
Where these situations pertain, a single
warningsign, suchasC-22B, will generally
suffice.
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If vehicles are using the shoulder, a
SHOULDER WORK AHEAD sign is
appropriate. For mowing operations, the
sigh MOWING AHEAD may be used.
Where the activity is spread out over a
distanceof morethan 3km, thesignshould
be repeated approximately every 3km. A
supplementary plate with the message
NEXT [X] MILES may be placed below
the initial warning sign.

. Work Performed on Shoulders

When a highway shoulder is occupied,
warningisneededtoadvisethedriver tobe
aware of theworkers. Asaminimum, the
singlewarning sign SHOULDER WORK
isadequate. Whenwork isperformedona
paved shoulder 2.4 m or more wide, a
transition area is needed in which
channelizing devicesare placed on ataper
of lengththat conformstotherequirements
of ashoulder taper. When paved shoulders
of width of 2.4 m or more are closed on
freeways and expressways, additional
treatmentisgenerally neededtoalerttraffic
to the possibility of adisabled vehiclethat
cannot get off thetraveled way. Aninitial
general warningsignisneeded e.g. ROAD
WORK AHEAD, followed by a
SHOULDER CLOSED sign. Where the
end of theshoulder closureextendsbeyond
the distance that can be perceived by
motorists, a supplementary plate bearing
the message NEXT [X] MILES should be
placed below the SHOULDER CLOSED
sign.

When the shoulder is not occupied but
work has adversely affected its condition,
the LOW SHOULDER or SOFT
SHOULDER sign should be used, if
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appropriate. Wherethe condition extends
over a distance in excess of 1500 m, the
sign should be repeated at approximately
1500 m intervals. In addition, a
supplementary plate bearing the message
NEXT [X] MILES may be placed below
the first such warning sign.

On multilane, divided highways, signs
advising of shoulder work, or thecondition
of the shoulder, should be placed only on
the side of the affected shoulder.

. Mobile and Short-Duration Operations

As compared to stationary operations,
mobile and short-duration operations are
distinct activitiesthat may involvedifferent
treatments. More mobile devices are
needed (e.g., signs mounted on trucks),
andlarger, moreimposing,andmorevisible
devices can be used effectively and
economically. For example, appropriately
colored and marked vehicleswithflashing
or rotating lights, perhapsaugmented with
signs or arrow displays, may be used in
place of signs and channelizing devices.
Thetrade-off iseconomical because work
durationisshort. Mobility isessential, the
crew is aways onsite, and some of the
vehicles may be required for the work
activity or crew transportation. Safety is
not compromised, as numerous small
devicesaremerely replaced by fewer, more
dominant and effective devices.

1. Short Duration

Short-duration activitiesare generally
consideredtobethoseinwhichittakes
longer to set up and removethetraffic
control zonethanto performthework.
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Typically, such operations can be
accomplished in 60 minutes or less.

The crew must exercise caution in
setting up and taking down a traffic
control zone. Also, asthework timeis
short, the time during which motorists
are affected is significantly increased
when additional devices are installed
and removed. Considering these
factors, it is generally held that
simplified control procedures are
warrantedfor short-duration activities.
Such shortcomings may be offset by
the use of other, more dominant
devices, such as special lighting units
on work vehicles.

. Mobile Operations

Mobile operations include activities
that stop intermittently and then move
on (e.g., pothole patching and litter
pickup) and those that move
continuously (e.g., pavement striping).

With operationsthat moveslowly (less
than 5 km/h), it may befeasibleto use
stationary signing that is periodically
retrieved and repositioned in the
advance warning area. At higher
speeds, trucks are typicaly used as
componentsof thetrafficcontrol zones.
Appropriately colored and marked
vehicleswithsigns, flashingor rotating
lights, and special lighting panelsmove
as part of a train behind the work
vehicles.

M obileoperationsthat move at speeds
greater than 30 km/h, such as
snowplowing operations, shall have
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appropriate devices on the equipment,
(i.e, rotating lights, signs, or special
lighting), or shall use a protection
vehicle with appropriate warning
devices.

D. Lane Closures on Two-Lane Roads

Whenonelaneof atwo-laneroadisclosed,
theremaininglanemust accommodateboth
directionsof travel. Thetypical procedure
for short-termwork isto utilizeflaggersto
aternate traffic flow, as shown in Figure
TA5-10. For long-term operations, a
temporary trafficsignal, asshowninFigure
TA5-12, isan aternative. For low traffic
volumes on a minor road, where traffic
may be self-regulating, the procedure
illustrated in Figure TA5-11 may be used.

. Lane Closures on Multilane Roads

When alaneisclosed on amultilaneroad,
atransitionareacontainingamergingtaper
isneeded. Typically, theadvancewarning
areacontainsthree warning signs, such as
ROADWORK AHEAD, RIGHT or LEFT
LANE CLOSED AHEAD, and the Lane
Reduction Transition sign.

When aninterior laneisclosed for useasa
work space, consideration should begiven
to closing an adjacent lane also. This
procedure provides additional space for
vehicles and materials and facilitates the
movement of equipment within the work
space. On multilane undivided roads and
streets where the left lane is closed, such
additiona space can be obtained by aso
closing the left lane in the opposing
direction.
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F. Work Performed in the Vicinity of

I ntersections

Thetypical applicationdiagramscontained
herein depict typical urban intersections
onarterial streets. Wheretheposted speed,
the off-peak 85th percentile speed prior to
work starting, or the anticipated speed of
trafficequal sor exceeds70km/hadditional
warningsignsmay beneededintheadvance
warning area.

The typical application diagrams for
intersections are classified according to
thelocation of thework spacewith respect
to the intersection area (as defined by the
extension of curb or edge lines.) Thus,
there are three classifications; near-side,
far-side and in-the-intersection.

Traffic control zones in the vicinity of
intersections may block movements and
interfere with normal traffic flows. Such
conflicts frequently occur at complex
signalized intersections having such
features as traffic signal heads over
particular lanes, lanesall ocated to specific
movements, multiple signal phases, and
signal detectorsfor actuated control. Where
such potential problems exist, the traffic
engineering staff havingjurisdictionshould
be contacted.

It should be recognized that some work
spaces may extend into more than one
portion of the intersection. For example,
work in one quadrant may create a near-
sidework spaceononestreet andafar-side
work space on the cross street. In such
instances, the traffic control zone should
incorporatefeaturesshownintwo or more
of the intersection and pedestrian typical
application diagrams shown herein.

TRAFFIC CONTROLS S5-77

1-1996

1. Work Space on the Near Side of
Intersections

Near-side work spaces, as depicted in
Figure TA5-21, are simply handled as
amid-block laneclosure. Wherespace
is restricted, as with short block
spacings, two warning signs may be
used in the advance warning area, and
a third "action-type" warning or
regulatory sign (e.g., KEEP LEFT) is
placed within thetransition area. One
problem that may occur with a near-
side lane closure is a reduction in
capacity, which during certain hours
of operation could resultin congestion
and backups.

2. Work Space on the Far Side of
Intersections

Far-sidework spacesrequireadditional
treatment because motorists typically
may enter the activity areaby straight-
through and left or right-turning
movements. Merging movements
within the intersection should be
avoided. Therefore, the applicable
principle is to close any lanes on the
near-sideintersection approachthat do
not carry through the intersection as
lanesshownin FiguresTA5-22, TA5-
23, TA5-24,and TA5-25. If, however,
thereisasignificant number of vehicles
turning from this lane, then it may be
advantageousto convert thelaneto an
exclusiveturn lane.

3. Work Space Within the Intersection
Figures TA5-26 and TA5-27 provide

guidance as to applicable procedures
for work performed within the
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intersection. When directing traffic
within the intersection, consideration
should be given to using a uniformed
police officer.

G. Incident Management Situations

The immediate response to an emergency
situation must by necessity make use of
available devices and equipment. Given
the opportunity, however, longer term
emergenciesshould betreated inamanner
similar to other temporary traffic control
work sites.

. Features That May Be Added to the
Diagrams

The measures described below are useful
in increasing conspicuity and visibility of
traffic control devices.

1. Fagson Signs

Flags may be placed above signs to
enhancetheir target valueandincrease
motorists awareness. Flagsare useful
for daytime operations only.

2. Flashing Lights on Signs

Portablewarning lightsmay be placed
above signs to enhance their target
value and increase motorists'
awareness. Type A low-intensity
warning lights are effective at night.
Type B high-intensity warning lights
are effective for both day and night.

3. Sign lllumination

The retroreflective material used on
signfacesreturnslighttoalight source.
In someinstances, vehicular headlight
beams may not illuminateasign, such
as those placed on sharp curves or on
crossroads. Likewise, someroad users,
such as pedestrians and cyclists, may
haveinadequatehead |lampsor nohead
lampsat all. Whenthesesituationsare
encountered, adequate nighttime sign
visibility may beobtained usinginternal
or external sign illumination.

4. Lightson Channelizing Devices

For intermediate and long-term
operations, consideration should be
giventoplacing portablewarninglights
on channelizing devices. Lights are
especially effective in the following
applications: wherenew travel patterns
are established at tapers, shifts, and
runarounds; at road closings; ondevices
placed on horizontal and vertical
curves; when adverse weather
conditions are anticipated; where
headlights may not adequately
illuminate retroreflective material on
channelizing devices.

5-07.3 Typical Application Diagrams

Table 5-5 is an index of typical application
diagrams. Theremainder of the chapter contains
thetypical application diagramson theright page
with notes on the facing page to the left. The
legend for the symbols used in the diagrams is
provided as Figure 5-11.
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Table 5-4 provides numerical values for the
taper length ‘L', the buffer space, and the advance
warning sign spacing 'A' used in the typical
application diagrams.

The taper length is discussed in Section 5-
02.3. SeeTable5-2for thetaper length formulas.

The buffer space is discussed in Section 5-
02.2B3. Table 5-1 provides the length of the
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buffer space for various speeds. Table 5-1 is
repeated on Table 5-4

Theadvancewarningsignspacingisdiscussed
inSection5-05.2. Table5-3providessignspacing
dimensionsfor variousareaand road types. Based
onengineeringjudgment, thesign spacing may be
adjustedfor sitespecificconditions. Theapplicable
part of Table 5-3 isrepeated on Table 5-4.
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Table 5-4

Taper Length, Buffer Space and Advance Warning Sign Spacing
Used in Typical Application Diagrams

English Measurements

Length of Taper 'L' in Feet

Speed in Width of Offset**
Miles

Per Hour* 11 Feet 12 Feet
20 73 80
25 115 125
30 165 180
35 225 245
40 293 320
45 495 540
50 550 600
55 605 660
60 660 720
65 715 780
70 770 840

Metric Measurements

Length of Taper 'L' in Meters

Speed in Width of Offset**
Kilometers
Per Hour* |3.3 Meters|3.6 Meters
30 20 22
40 35 38
50 55 60
60 79 86
70 154 168
80 176 192
90 198 216
100 220 240
110 242 264

*Posted speed, off-peak 85th percentile speed prior to work starting, or the anticipated operation speed.
**Eor other offset widths, apply the formulain Table 5-2.
For State highways, see Traffic Control Systems in the Caltrans Standard Plans.

Length of
Longitudinal Buffer Space
Speed in Length of
Kilometers | Buffer Space
Per Hour* in Meters
30 10
40 17
50 28
60 43
70 62
80 84
90 106
100 136
110 170

*Posted speed, off-peak 85th percentile speed prior to work starting, or the anticipated operation speed.

Length of
Longitudinal Buffer Space
Speed in Length of
Miles Buffer Space
Per Hour* in Feet
20 35
25 55
30 85
35 120
40 170
45 220
50 280
55 335
60 415
65 485
70 585
Advance
Warning Sign Spacing ‘A’
Distance
Road Type Between Signs
in Feet*
Urban - 25 mph
or less 200
Urban - 30 mph
or more 350
Rural 500
Expwy/Fwy 1000

. Advance _
Warning Sign Spacing 'A’
Distance
Road Type Between Signs
in Meters*
Urban - 40 km/h
or less 60
Urban - 50 km/h
or more 100
Rural 150
Expwy/Fwy 300

*These are suggested distances for Advance Warning Signs, adequate sight distances and
proximity to other roadway features may dictate the need for adjustments when placed.
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Table 5-5a
Index to Typical Application Diagrams

Duration of Work

Type of Application Stationary* / Mobile**
Short
Duration***

Roadside (Outside of Shoulder) - All Roadways

Work Beyond the Shoulder TA-1
Blasting Zone TA-2
Shoulder - All Roadways
Work on Shoulders TA-3
Mobile Operation on Shoulder TA-4
Shoulder Closed on Limited Access Highway TA-5
Shoulder Work with Minor Encroachment TA-6

Within Traveled Way - Rural Two-Lane

Road Closed with On-Site Detour TA-7
Road Closed with Off-Site Detour TA-8
Roads Opened and Closed with Detour TA-9
L ane Closure on Two-Lane Road Using Flaggers TA-10
L ane Closure on Low-Volume, Two-Lane Road TA-11
Lane Closure on Two-Lane Road Using Trafic Signals TA-12
Temporary Road Closure TA-13
Haul Road Crossing TA-14
Work in Center of Low-Volume Road TA-15
Surveying Along Centerline of Low-Volume Road TA-16
Mobile Operations on Two-Lane Road TA-17
Urban Streets
Lane Closure on Minor Street TA-18
Detour for One Travel Direction TA-19
Detour for Closed Street TA-20
Intersections and Walkways
Lane Closure Near Side of Intersection TA-21
Right Lane Closure Far Side of Intersection TA-22
L eft Lane Closure Far Side of Intersection TA-23
Half Road Closure Far Side of Intersection TA-24

Multiple Lane Closures at Intersection TA-25
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Table 5-5b
Index to Typical Application Diagrams

Duration of Work

Type of Application Stationary* / Mobile**
Short
Duration***

Closure in Center of Intersection TA-26
Closure at Side of Intersection TA-27
Sidewalk Closures and Bypass Walkway TA-28
Crosswalk Closures and Pedestrian Detours TA-29

Multilane Undivided

Interior Lane Closure on Multilane Street TA-30

Lane Closure on Streets with

Uneven Directiona Volumes TA-31

Half Road Closure on Multilane High Speed Highways TA-32
Multilane Divided

Lane Closure on Divided Highway TA-33

Lane Closure with Barrier TA-34

Mobile Operation on Multilane Road TA-35
Freeways

See Standard Plans

* Long-term Stationary: More than 3 days, Intermediate-term Stationary: Overnight up to 3 days,
Short-term Stationary: Anytime, more than 60 minutes.
** Mobile: Intermittent and continuous moving.
*** Short-duration: Up to 60 minutes
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Figure 5-11
Legend of Symbols Used in Typical Application Diagrams

Flashing Arrow Sign (FAS)

FAS Support or Trailer

Channelizing Device

Direction of Traffic

Direction of Temporary Traffic or Detour

Flagger

High Level Warning Device (Flag Tree)

Luminaire

Pavement Markings that shoud be
removed for a Long Term Project

Sign (Shown Facing Left)

Portable Barrier
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Surveyor

Traffic or Pedestrian Signal

Truck Mounted Crash Cushion

Type Il Barricade

Changeable Message Sign (CMS)

CMS Support or Trailer

Warning Light

Work Space

Work Vehicle

Portable Barrier
with Warning Lights
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Work Beyond the Shoulder

1. Thesignsillustrated in thisfigure are not required if the work space is behind a barrier, more than 0.6
m behind the curb, or 4.6 m or more from the edge of any roadway.

2. The C-22B WORKER symbol sign may be replaced with other appropriate signs, such as the
SHOULDER WORK AHEAD sign. The SHOULDER WORK AHEAD sign may be used for work
adjacent to the shoulder.

3. If thework spaceisinthe median of adivided highway, an advance warning sign should al so be placed
on the left side of the directional roadway.

4. For short-term, short-duration, or mobileoperation, al signsand channelizing devicesmay beeliminated
if avehicle with an activated flashing or revolving yellow light is used.
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Typical Application 5-1
Work Beyond the Shoulder
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Note:
See Table 5-4
for 'A'.
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Blasting Zone

1. Whenever blasting capsare used within 300 m of aroadway, thesigning shownisrequired. Onadivided
highway, the signs should be mounted on both sides of the directional roadways.

2. The signs shall be covered or removed when there are no explosives in the area or when the area is
otherwise secure.

3. Whenever asideroad intersectstheroadway betweenthe BLASTING ZONE AHEAD (300 m) signand
the END BLASTING ZONE sign, or asideroad is within 300 m of any blasting cap, similar signing,
as on the mainline, shall be erected on the side road.

4. Priorto blasting, the blaster in charge shall determine whether highway traffic in the blasting zone will
beendangered by the blasting operation. If thereisdanger, highway traffic shall not be permitted to pass
through the blasting zone during blasting operations.
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Typical Application 5-2
Blasting Zone
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Work on Shoulders

1. TheROAD WORK AHEAD sign on an intersecting roadway is not required if drivers emerging from
that roadway will encounter another advance warning sign before they reach this activity area.

2. A SHOULDERWORK AHEAD signshould be placed ontheleft side of adivided or one-way roadway
only if the left shoulder is affected.

3. For short-duration operations 60 minutes or less, all signs and channelizing devices may be eliminated
if avehicle with an activated flashing or revolving yellow light is used.

4. WORKER signs may be used instead of SHOULDER WORK AHEAD signs.
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Typical Application 5-3
Work on Shoulders

(reuondo)

(Optional)

Note:
See Table 5-4
for 'A" and 'L".

(reuondo)

-*

(Optional)
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Mobile Operation on Shoulder

1. Insituationswhere multiple work locationsin alimited distance make it practicable to place stationary
signs, the maximum spacing for the advance warning sign is 8 km in advance of the work.

2. Thelength of activity areasign may be used asthe stationary advancewarning signif thework locations
occur over adistance of more than 3.2 km.

3. Warning signs are not required if the work vehicle displays aflashing or revolving yellow light, if the
distance between work locations is 1.6 km or more, and if the work vehicle travels at traffic speeds
between locations.
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Typical Application 5-4
Mobile Operation on Shoulder

/-w-

(Optional)

Truck Mounted Crash Cushion
(Optional)

See Note 1

e

NEXT
X MILES

(Optional)
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Shoulder Closed on Limited Access Highway

1. SHOULDER CLOSED signsshould be used on limited-access highwayswhere thereis no opportunity
for disabled vehicles to pull off the traveled way.

2. If motorists cannot see a pull-off area beyond the closed shoulder, information regarding the length of
the shoulder closure should be provided in meters or kilometers, as appropriate.

3. Thebarrier inthisdiagram showsonemethod that may be used to closeashoulder of along-term project.
The use of abarrier should be based on the need determined by an engineering analysis. The warning
lights shown on the barrier are optional.

4. Barriersshould be flared beyond the clear zone to prevent vehicles from impacting their leading ends.
An aternative procedure isto place a crash cushion to protect traffic from the end of the barrier.
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Typical Application 5-5
Shoulder Closed on Limited Access Highway

Barrier Lights
(Optional)

Note:
See Table 5-4
for 'A"and 'L".



5-94 TRAFFIC CONTROLS Traffic Manual

1-1996

Shoulder Work with Minor Encroachment

1. The treatment shown may be used on a minor road having low speeds. For higher speed traffic
conditions, alane closure should be considered.

2. The procedure shown should be adequate to carry bidirectional traffic at reduced speed through the
activity area, provided the lanes are at least 3 m wide.

3. Wherethe opposite shoulder issuitablefor carrying traffic and of adequate width, traffic lanes may be
shifted by use of closely spaced channelizing devices, provided 3 m wide lanes are maintained.

4. Additional advance warning may be appropriate, such asa ROAD (LANE) NARROWS sign.
5. Approved portable barriers may be used aong the work space.
6. Theprotectionvehicleisoptional if ataper and channelizing devicesare used. For short-duration work,

thetaper and channelizing devicesareoptional if theprotection vehiclewith anactivated flashing yellow
light is used.
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Typical Application 5-6
Shoulder Work with Minor Encroachment
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Road Closed with On-Site Detour
1. Signsshown are for one direction of travel only.
2. Flashing warning lights and/or flags may be used to call attention to the initial warning signs.

3. Wherethetemporary pavement and old pavement are different colors, the temporary pavement should
start on the tangent of the existing pavement and end on the tangent of the existing pavement.

4. Pavement markingsthat are nolonger applicable shall be removed or obliterated as soon as practicable.
5. Delineators or channelizing devices may be needed along the bypass roadway.

6. If thedetour isshort and hassharp curves (50 km/hor less), REVERSE TURN signsshould beused with
appropriate speed advisory plate. Inaddition, LARGE ARROW signsmay bedesirableon sharp curves.

7. For the second reverse curve, when thereisinsufficient advance warning distanceto placeaREVERSE
CURVE or TURN sign, LARGE ARROW signs should be used on both curves.

8. If the tangent distance along the temporary bypass roadway is short and the curvature is sharp, two
LARGE ARROW signs may be required for the second reverse curve.

9. W 81 signs may be used to delineate the curve.
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Typical Application 5-7
Road Closed with On-Site Detour
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Road Closed with Off-Site Detour

1. Regulatory traffic control devices are to be modified as needed for the duration of the detour.

2. If the road is opened for some distance beyond the intersection and/or there are significant origin/
destination points beyond the intersection, placethe ROAD CLOSED and DETOUR signson Typellll
barricades |ocated at the edge of the traveled way.

3. Iftheroadisclosed ashort distance beyond the intersection and there are few origin/destination points
beyond (e.g., afew residences), the ROAD CLOSED and DETOUR sign may be placed on a Type 1l
barricade placed in the center of the roadway.

4. A route marker directional assembly may be placed on the far left corner of the intersection to augment
or replace the one shown on the near right corner.

5. Hashing warning lights and/or flags may be used to call attention to the advanced warning signs.
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Road Closed with Off-Site Detour
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Roads Opened and Closed with Detour
1. Similar signs and devices shall be erected for the opposite direction.
2. STOP signs displayed to side roads should be erected along the temporary route.
3. Flashing warning lights and/or flags may be used to call attention to the advanced warning signs.

4. Flashing warning lights may be used on Type |11 barricades.
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Typical Application 5-9
Roads Opened and Closed with Detour
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Lane Closure on Two-Lane Road Using Flaggers
1. Foodlights should be provided to mark flagger stations at night as needed.
2. For low-volume applications, asingle flagger may be adequate. Where one flagger can be used, such
asfor short work zoneson straight roadways, theflagger must bevisibleto approaching traffic from both
directions.

3. Channelizing devices are to be extended to a point where they are visible to approaching traffic.

4. The ROAD WORK AHEAD sign may be omitted for short-duration operations or when the end of the
work zone is obvious.

5. Flashing warning lights and/or flags may be used to call attention to the advanced warning signs.

6. For State highways, see Caltrans Standard Plan T13.
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Typical Application 5-10
Lane Closure on Two-Lane Road Using Flaggers
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Lane Closure on Low-Volume, Two-Lane Road

1. Thistemporary application may be used as an alternate traffic control plan to the lane closure with
flaggers (TA 5-10), when the following conditions exist.

a. Traffic volumeis such that sufficient gaps exist for traffic that must yield.

b. Driversfrom both directions must be able to see approaching traffic through and beyond the work
site.

2. TheYIELDsignandYIELD AHEAD signmay becovered and flaggersused, asneeded, during daylight
working hours to control the flow of traffic through the work space. When flaggers are used, the
FLAGGER sign shall be used in place of the YIELD AHEAD sign.

3. TheTypeA flashing warning lightsmay be placed on the ROAD WORK AHEAD and the ONE LANE
ROAD AHEAD signs, whenever a night lane closure is necessary.
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Typical Application 5-11
Lane Closure on Low-Volume, Two-Lane Road
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Lane Closure on Two-Lane Road Using Traffic Signals

1. Temporary trafficsignalsarepreferabletoflaggersfor long-term projectsand other activitiesthat would
require flagging at night.

2. The maximum length of activity areafor one-way traffic signal control is determined by the capacity
required to handle the peak hour demand. Practical maximum lengthis 120 m. Signal timing shall be
established by qualified personnel.

3. Signalsshall beinstalled and operated in accordance with the requirements of Chapter 9 of the Caltrans
Traffic Manual. Temporary traffic control signals shall meet the physical display and operational
requirements of conventional traffic signals.

4. Adequate area illumination to clearly identify both ends of the work space at night for long-term
operations should be provided.

5. Stoplines300to 600 mm wide shall beinstalled. Add “no-passing” lineswhen necessary. Removable
pavement markingsmay beused. Conflicting pavement markingsandrai sed pavement marker reflectors
between the activity areaand the stop line shall beremoved. After completion of thework, thestoplines
and other temporary inapplicable pavement markings shall be removed.

6. TheTypeA flashing warning lights shown onthe ROAD WORK AHEAD andthe ONE LANE ROAD
AHEAD signs may be used whenever anight lane closure is necessary. Type B lights may be used to
also increase the daytime target value of the signs.

7. The horizontal or vertical alignment of the roadway may require adjustments in the location of the
advance warning signs (the distances shown for advance warning sign spacings are minimums). The
vertical alignment of the roadway may require adjustments in the height of the signal heads.

8. Whenthesignal ischanged to aflash condition either manually or automatically, red shall beflashedto
both approaches.

9. CMS may be used to supplement this sign package.
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Typical Application 5-12
Lane Closure on Two-Lane Road Using Traffic Signals
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Temporary Road Closure
1. Conditions represented are for work that requires closures during daytime hours only.
2. Thisapplication isintended for a planned temporary closure not to exceed 15 to 20 minutes.

3. Theflaggers shall stop the first vehicle from the position shown, then move to the centerline to stop
approaching traffic.

4. For high-volume roads, a police patrol car and/or a changeable message sign may be added.

5. A portable changeable message sign may be used in addition to theinitial warning sign, per Section 5-
05.3B, Application.
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Typical Application 5-13
Temporary Road Closure
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Haul Road Crossing

This diagram shows two different methods of traffic control; flagging and atemporary traffic signal. The
method selected isto be used in both directions.

Unsignalized Crossing
1. Thistypical application diagram as shown is intended for short-term use during daylight hours.

2. When the haul road isnot in use, Type Il barricades shall bein place. The FLAGGER signs shall
be covered.

3. Theflagger shall stop thefirst vehicle from the position shown, then move to the centerline to stop
approaching traffic.

Signalized Crossing

1. Dashedyellow centerline, if existing, between the stop lines shall be removed before the beginning
of roadwork and replaced before opening to normal traffic.

2. Whenthehaul roadisnotinuse, Typelll barricadesshall bein place. The Signal Ahead symbol sign
and STOP HERE ON RED sign, and traffic signals, shall be covered or hidden from view.

3. Trafficsignalsshall betwo-directiontypewith push-button activation. Thetemporary traffic control
signals shall meet the physical display and operational requirements of conventional traffic signals
as described in Chapter 9 of the Caltrans Traffic Manual.

Floodlighting

1. When hauling during hours of darkness and existing lighting is inadequate, floodlights should be
used to illuminate haul road crossings.
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Typical Application 5-14
Haul Road Crossing
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Work in Center of Low-Volume Road

1. Thelanesoneither sideof the center work space should have aminimum width of 3m, asmeasured from
thenear edge of the channelizing devicesto the edge of pavement, or the outside edge of paved shoulder.

2. A minimum of six channelizing devices should be used for each taper. However, a work vehicle
displaying aflashing or revolving yellow light may be used instead of the tapers.

3. Hashing warning lights and/or flags may be used to call attention to the advanced warning signs.

4. If the closure continues overnight, warning lights may be used to mark channelizing devices.
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Typical Application 5-15
Work in Center of Low-Volume Road
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Surveying Along Centerline of Low-Volume Road
1. Thesametreatment isrequired in both directions.
2. Cones should be placed 150 to 300 mm on either side of the center line.
3. Maximum spacing between conesis 30 m.

4. Forasurvey along the edgeof theroad or along the shoulder, the advance signing remainsthe same. For
this situation, place cones along the edge line. A flagger is not required for work along the shoulder.

5. Cones may be omitted for a cross-section survey.

6. For surveying onthe centerline of ahigh-volumeroad, close onelane, using the procedureillustrated in
Figure TA-10.

7. ROAD WORK AHEAD signs may be used in place of SURVEY CREW signs.
8. A flagger should be used to protect people who must work with their backs to traffic. A high-level
warning device may be used to protect asurveying device, such asatarget on atripod. Workersin the

roadway should wear high-visibility clothing.

9. Flags may be used to call attention to the advance warning signs.
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Typical Application 5-16
Surveying Along Centerline of Low-Volume Road
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Mobile Operations on Two-Lane Road

1. Where practicable, and when needed, the work and protection vehicles should pull over periodically to
allow traffic to pass. If thiscan not be donefrequently, asan aternative, aDO NOT PASS sign may be
placed on the rear of the vehicle blocking the lane.

2. Thedistance between thework and protection vehiclesmay vary accordingtoterrain, paint drying time,
and other factors. Protection vehiclesareused towarntraffic of theoperation ahead. Whenever adequate
stopping sight distance existsto the rear, the protection vehicle should maintain the minimum distance
and proceed at the same speed asthework vehicle. The protection vehicle should slow downin advance
of vertical or horizontal curves that restrict sight distance.

3. Additional protection vehicles to warn and reduce the speed of oncoming or opposing traffic may be
used. Police patrol cars may be used for this purpose.

4. A truck-mounted crash cushion (TMCC) should be used on the protection vehicle and may be used on
the work vehicle.

5. Thework vehicle shall be equipped with beacons, and the protection vehiclesshall be equipped withtwo
high-intensity flashing lights mounted on the rear, adjacent to the sign. Protection and work vehicles
should display flashing or rotating beacons both forward and to the rear.

6. Vehicle-mounted signsshall bemounted with thebottom of thesign, at aminimum height of 1.2 mabove
the pavement. Sign legends shall be covered or turned from view when work is not in progress.
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Typical Application 5-17
Mobile Operations on Two-Lane Road
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Lane Closure on Minor Street

1. Thetraffic control procedure shown is appropriate only for low-volume, low-speed facilities, such as
local residential streets. With few exceptions, this procedure is not to be used in rural areas. Typical

applicationsof traffic control deviceson other roadways are shownin Typical Applications5-21, 5-22,
and 5-23.

2. Trafficcanregulateitself when volumesarelow and thelength of thework spaceisshort, thusenabling
driversto readily see the roadway beyond.

3. Hashing warning lights and/or flags may be used to call attention to the advance warning signs.
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Typical Application 5-18
Lane Closure on Minor Street
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Detour for One Travel Direction

1. A STREET CLOSED plate may be used in place of ROAD CLOSED.

2. Theuse of astreet name sign mounted with the DETOUR signisoptional. When used, the street name
plate is placed above the DETOUR sign. The plate may have either a white-on-green or a black-on-
orange legend.

3. Additional DO NOT ENTER signs may be desirable at intersections with intervening streets.

4. Warning lights may be used on Type I11 barricades.

5. DETOUR signs may be located on the far side of intersections.

6. Reassurance DETOUR signs should be placed at 400 m + intervals and at mgjor intersections.
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Typical Application 5-19
Detour for One Travel Direction
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Detour for Closed Street
1. Display similar signs and devices for the opposite movement.

2. Usethisplanfor city streetsand for county roads. See Figure TA5-9 for the procedure for detouring a
numbered highway.

3. Theuseof astreet name plate mounted with the DETOUR signisoptional. When used, the street name
plate is placed above the DETOUR sign. The plate may have either a white-on-green or a black-on-
orange legend.

4. A DETOUR sign with an advance turn arrow may be used in advance of aturn. On multilane streets,
such signs should be used.

5. Hashing warning lights and/or flags may be used to call attention to the advanced warning signs.
6. Warning lights may be used on Type 1l barricades.

7. DETOUR signs may be located on the far side of the intersections.
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Typical Application 5-20
Detour for Closed Street
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Lane Closure Near Side of Intersection

1. If thework spaceextendsacrossthecrosswalk, then closethe crosswalk using the procedureand devices
shown in Typical Application 5-29.

2. Themerging taper may direct traffic into either the right or left lane, but not both. Inthistypical, aleft
taper should be used so that right-turn movements will not impede traffic.

3. Hashing warning lights and/or flags may be used to call attention to the advance warning signs.

N

. Truck mounted FAS may be used to supplement this package.
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Typical Application 5-21
Lane Closure Near Side of Intersection
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Right Lane Closure Far Side of Intersection

1. For intersection approaches reduced to a single lane, left-turning movements may be prohibited to
maintain capacity for through traffic.

2. Thestandard procedureisto close onthe near side of theintersection any lanethat isnot carried through
theintersection. However, whenthisresultsintheclosing of aright lane having significant right-turning
movements, then theright |ane may berestricted to right turnsonly, asshown. Thisprocedureincreases
the through capacity by eliminating right turns from the open through lane.

3. Where the turning radius is large, it may be possible to create a right turn island using channelizing
devices, asshown. Thisprocedure reinforcesthe nature of the temporary exclusiveright-turn lane and
enables a second RIGHT LANE MUST TURN RIGHT sign to be placed in the island.

4. If thework space extends across acrosswalk, then close the crosswalk using the procedure and devices
shown in Typical Application 5-29.

5. Hashing warning lights and/or flags may be used to call attention to the advanced warning signs.

6. Optional treatment see Typical Application 5-23.
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Typical Application 5-22
Right Lane Closure Far Side of Intersection
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Left Lane Closure Far Side of Intersection

1. Thestandard procedureisto close, onthenear sideof theintersection, any lanethat isnot carried through
the intersection. However, when thisresultsin the closure of aleft lane having significant left-turning
movements, thentheleft lanemay beconvertedto aturnbay for left turnsonly, asshown. By first closing
off the left lane and then reopening it as aturn bay, an island is created with channelizing devices that
allow the LEFT LANE MUST TURN LEFT sign to be repeated on the left, adjacent to the lane that it
controls.

2. If thework space extends across acrosswalk, then close the crosswalk using the procedure and devices
shown in Typical Application 5-29.

3. Careshouldbetakentowarndriversof visionobstructionsfor | eft-turning vehiclescaused by equipment,
material, and work operations in the work zone.

4. Flashing warning lights and/or flags may be used to call attention to the advanced warning signs.

5. Optional see Typica Application 5-22.
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Typical Application 5-23
Left Lane Closure Far Side of Intersection
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Half Road Closure Far Side of Intersection

1. For intersection approaches reduced to a single lane, left-turning movements may be prohibited to
maintain capacity for through traffic.

2. Thestandard procedureisto closeonthenear sideof theintersectionany lanethat isnot carried through
theintersection. Therefore, theright lane should be closed on the near-side approach. However, if there
isasignificant right-turning movement, thentheright lane may berestrictedtoright turnsonly, asshown.
This procedure increases the through capacity by eliminating right turns from the open through lane.

3. Where the turning radius is large, it may be possible to create a right-turn island using channelizing
devices, asshown. Thisprocedure reinforcesthe nature of the temporary exclusiveright-turn lane and
enables a second RIGHT LANE MUST TURN RIGHT sign to be placed in the island.

4. |f thework space extends across a crosswalk, then close the crosswalk using the procedure and device
shown in Typical Application 5-29.

5. A buffer space should be used between opposing directions of traffic as shown in this application.
6. There may be insufficient space to place the back-to-back KEEP RIGHT sign and NO LEFT TURN
symbol signs at the end of the row of channelizing devices separating opposing traffic flows. In this

situation, place the no left turn symbol sign on the right and omit the KEEP RIGHT sign.

7. Flashing warning lights and/or flags may be used to call attention to advanced warning signs.
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Half Road Closure Far Side of Intersection

for'A', 'L" and
Buffer Space.

Note:
See Table 5-4 L

(Optional)

(feuondo)

(Optional)

Interim Lane Lines
(Optional)

,i(Optional)

RIGHT LANE
MUST
TURN RIGHT

(reuondo)

1-1996
(Rev. 1)



5-132 TRAFFIC CONTROLS Traffic Manual

1-1996

Multiple Lane Closures at Intersection
1. Thestandard procedureistocloseonthenear sideof theintersectionany lanethat isnot carried through
theintersection. Therefore, theleft through laneisclosed on the near-side approach. The LEFT LANE
MUST TURN LEFT signisplacedinthe median to deter through traffic from entering the left turn bay.

2. If thework space extends across acrosswalk, then close the crosswalk using the procedure and devices
shown in Typical Application 5-29.

3. If theleft-turning movement that normally usesthe closed turn bay issmall and/or the gapsin opposing
traffic are frequent, left turns need not be prohibited on that approach.

4. Fashing warning lights and/or flags may be used to call attention to the advance warning signs.
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Typical Application 5-25
Multiple Lane Closures at Intersection
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Closure in Center of Intersection

1. Prohibit left turns as required by traffic conditions. Unless the streets are wide, it may be physically
impossible to turn left, especialy for large vehicles.

2. A minimum of six channelizing devices shall be used for each taper.

3. For short-duration work operations, on low speed streets, the channelizing devices may be eliminated
if aflashing or revolving yellow light is displayed in the work space.

4. A high-level flag tree should be placed in the work space if there is sufficient room.

5. Flashing warning lights and/or flags may be used to call attention to advanced warning signs.
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Typical Application 5-26
Closure in Center of Intersection
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Closure at Side of Intersection

1. For low traffic volumes and intersecting two-lane streets, one flagger positioned in the center of the
intersection may suffice.

2. For hightraffic volumes or when afour-lane street isinvolved, additional flaggers or law enforcement
personnel should be considered.

3. A ONE-LANE ROAD AHEAD sign may also be necessary to provide adequate advance warning.
4. The situation depicted can be simplified by closing one or more of the intersection approaches. If this
cannot be done, and/or when capacity isaproblem, consideration should be given to diverting through

traffic to other roads or streets.

5. Hashing warning lights and/or flags may be used to call attention to the advanced warning signs.
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Typical Application 5-27
Closure at Side of Intersection
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Sidewalk Closures and Bypass Walkway
1. Additional advance warning may be necessary.

2. Only thetraffic control devices controlling pedestrian flows are shown. Other devices may be needed
to control traffic on the streets. Use lane closure signing or ROAD NARROWS signs, as needed.

3. Street lighting should be considered.
4. For nighttimeclosures, TypeA flashingwarning lights may be used on barricades supporting signsand
closing walkways. Type C steady-burn lights may be used on channelizing devices separating the

temporary walkway from vehicular traffic.

5. Where high speeds may be anticipated, use abarrier to separate the temporary walkway from vehicular
traffic.

6. Signsmay beplaced alongatemporary walkway to guideor direct pedestrians. ExamplesincludeKEEP
RIGHT and KEEP LEFT signs.
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Typical Application 5-28
Sidewalk Closures and Bypass Walkway
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Crosswalk Closures and Pedestrian Detours

1. Only thetraffic control devices controlling pedestrian flows are shown. Other devices may be needed
to control traffic on the streets. Use lane closure signing or ROAD NARROWS signs, as needed.

2. Street lighting should be considered.

3. For nighttime closures, Type A flashing warning lights may be used on barricades supporting signsand
closing walkways. Use Type C steady-burn lights on channelizing devices separating the work space
from vehicular traffic.

4. Pedestrian traffic signal displays controlling closed crosswalks should be covered or deactivated.

5. Parking should be prohibited in advance of midblock crosswalks.

6. Midblock crosswalks should be avoided when possible.
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Typical Application 5-29
Crosswalk Closures and Pedestrian Detours
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Interior Lane Closure on Multilane Street

1. Theclosureof theadjacent interior |laneinthe opposing direction may not be necessary, depending upon
the activity being performed and the work space needed for the operation.

2. Additional advance warning may be necessary.

3. This procedure applies to low-speed, low-volume urban streets.
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Typical Application 5-30
Interior Lane Closure on Multilane Street

Note:
See Table 5-4
for 'A'and 'L".
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Lane Closure on Streets with Uneven Directional Volumes

1. Theillustrated procedure would be used only when the traffic volume is such that two lanes of traffic
must be maintained in the direction of travel for which onelaneisclosed. The procedure may be used
during apeak period of traffic and then changed to provide two lanesin the other direction for the other
peak.

2. Thetraffic control devicesshown are appropriatefor an urban street. Additional advance warning may
be necessary.

3. A buffer space should be used in the activity area and to separate opposing traffic.

4. Conflicting pavement markings should be removed for long-term projects. (See Section 5-06.3.) For
shorter-term projectswhen thisis not practicable, the channelizing devicesin the areaof conflict should
be placed at a maximum spacing of 3 meters. Interim markings should be installed where needed.

5. For higher speeds, addaLEFT LANE CLOSED [distance] signfor traffic approaching thelane closure,
as shown in Typical Application 5-32.

6. If thelane shift is short and has sharp curves (50 km/h or less), Reverse Turn signs should be used.

7. Wherethe shifted section islong, use a Reverse Curve sign to show theinitial shift and asecond oneto
show thereturntothenormal alignment. If theshiftinvolvesashort runaround, asymbol showing back-
to-back reverse curves may be used. Asan alternative side-by-side arrows may be used displaying one
arrow for eachlane. A supplementary plate stating ALL LANES THRU may be used to emphasizethe
point that no lanes are closed.
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Typical Application 5-31
Lane Closure on Streets with Uneven Directional Volumes
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Half Road Closure on Multilane High Speed Highways
1. Thetraffic control devices shown are appropriate for a high speed highway.

2. Pavement markingsno longer applicableshall beremoved or obliterated as soon aspracticable. Interim
markings shall be used as necessary.

3. Warning lights may be used to mark channelizing devices at night as needed.

4. For intermediate-term situations, when it is not feasible to remove and restore pavement markings, the
channelization must bemadedominant by using avery closedevicespacing. Thisisespecially important
inlocationsof conflicting information, such aswheretraffic isdirected over adoubleyellow centerline.
In such locations a maximum channelizing device spacing of 3 metersis recommended.
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Typical Application 5-32
Half Road Closure on Multilane High Speed Highways
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Lane Closure on Divided Highway
1. Thisprocedurealso applieswhenworkisbeing performed inthelaneadjacent tothemedian onadivided
highway. Under these conditions, LEFT LANE CLOSED signsand the corresponding L ane Reduction
symbol signs shall be used.

2. When a side road intersects the highway within the temporary traffic control zone, additional traffic
control devices shall be erected, as needed.

3. Longitudinal dimensions may be adjusted dlightly to fit field conditions.

4. All vehicles, equipment, workers, and their activities should be restricted to one side of the pavement.
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Typical Application 5-33
Lane Closure on Divided Highway
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Lane Closure with Barrier
1. Additional advance warning may be necessary.
2. The use of abarrier should be based on the need determined by an engineering analysis.
3. Thelayout of the barrier should prevent vehiclesfrom impacting the ends of the barrier. To accomplish
this, the taper and end should be treated as given in chapter 9 of the ASSHTO Roadside Design Guide
(RDG) or the Caltrans Standard Plans. Example treatments are connecting to an existing barrier,

attaching a crashworthy terminal such as acrash cushion, or flaring away to the edge of the clear zone.

4. Aninterimwhiteedgeline should beinstalled from the start of the taper to a point beyond thework zone,
rejoining the permanent edge line.

5. Thebarrier shall not be placed along the merging taper. Thelaneshall first be closed using channelizing
devicesand pavement markings. The barrier isthen placed on aflare beginning beyond the downstream
end of the merging taper.

6. Refer to Caltrans Standard Plans for barriers.
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Typical Application 5-34
Lane Closure with Barrier
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Mobile Operation on Multilane Road

1. Vehicles used for these operations should be made highly visible with appropriate equipment, such as
flashing lights, rotating beacons, flags, signs, or flashing arrow signs (FAS).

2. Protectionvehicle#1 shouldbeequippedwithan FAS. Anappropriatelaneclosuresignshouldbeplaced
on protection vehicle #1 so as not to obscure the FAS.

3. Protection vehicle #2 should be equipped with an FAS and truck-mounted crash cushion.

4. Protection vehicle #1 should travel at a varying distance from the work operation so as to provide
adequate sight distance for traffic approaching from the rear.

5. When adequate shoulder width is not available, protection vehicle #1 should be eliminated.

6. On high-speed roadways, a third protection vehicle should be used; vehicle #1 on the shoulder (if
possible), vehicle #2 in the closed lane, and vehicle #3 in the closed lane.

7. Flashing arrow signs shall be, as a minimum, Type B, 1800 by 900 mm (Figure 5-9, Section 5-05.4).

8. Work should normally be done during off-peak hours.
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Typical Application 5-35
Mobile Operation on Multilane Road
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